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(57) ABSTRACT

Systems and methods are provided for coexistence manage-
ment service for licensed and unlicensed spectrum sharing. A
coexistence system may include a coexistence manager (CM)
that may provide resource allocation services for a coexist-
ence enabler (CE). CMs may negotiate with each other to
resolve coexistence issues via directly or indirectly through a
coexistence discovery and information server (CDIS). A
channel may be exclusively used by a CE network. The net-
works may mitigate interference by avoiding use of the same
channels. A channel may be shared by multiple CE networks.
In co-channel sharing, the networks may mitigate interfer-
ence via power management. Bidding processes may be
implemented directly via competing CMs, for example via
open or silent token auction. Bidding processes among com-
peting CMs may be managed by a third party entity, for
example a CDIS, for example via open or silent token auction.
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1
COEXISTENCE MANAGEMENT SERVICE
FOR SPECTRUM SHARING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. provisional patent
application No. 61/642,836, filed May 4, 2012, which is
incorporated herein by reference in its entirety.

BACKGROUND

The Federal Communications Commission (FCC) has
opened bands of spectrum typically used for television (TV)
broadcasts, for use by other devices. Such other devices may
use these TV, provided that they are not locally used by one or
more primary users of the bands, for example a TV tower, one
or more wireless microphones, or the like. In accordance with
known FCC regulations, non-primary user devices may oper-
ate on these TV bands, for example when one or more pre-
defined primary users are not present.

A cellular system may use these TV bands and/or may
coexist with one or more other wireless systems in these TV
bands. For example, Television White Spaces (TVWS),
which may include, for example, unused portions of spectrum
allocated for TV broadcasts, may be shared by independent
users and/or devices through a regulatory policy and/or a
licensing regime.

If multiple devices attempt to access and/or use a common
portion of such bands, for example a single channel, concur-
rently (e.g., substantially simultaneously), the devices may
cause interference. Such interference may reduce the overall
performance of one or more networks associated with such
bands. Known spectrum sharing technology may not effi-
ciently manage network coexistence, neighbor network inter-
ference, and/or coordination between devices, for example
within a single operator or across multiple operators.

SUMMARY

Systems and methods may be implemented to facilitate
coexistence management service for spectrum sharing. Coex-
istence management systems may be implemented for
licensed network spectrum, for example in accordance with
licensed shared access (LSA) and/or cloud spectrum sharing
(CSS) architectures. An example coexistence system may
include a coexistence manager (CM) and a coexistence
enabler (CE). The CM may provide resource allocation ser-
vices for a CE-associated network (CE network).

One or more CMs may negotiate (e.g., resolve coexistence
issues) with each other to resolve coexistence issues, for
example via direct communication by the CMs with each
other. One or more CMs may communicate indirectly with
each other to negotiate (e.g., resolve coexistence issues), for
example through a coexistence discovery and information
server (CDIS). Multiple CMs may compete for access to an
available resource, for example an available licensed spec-
trum resource, using a bidding process (e.g., using tokens).
Bidding processes may be implemented directly via compet-
ing CMs, for example via open or silent token auction. Bid-
ding processes among competing CMs may be managed by a
third party entity, for example a CDIS, for example via open
or silent token auction.

A CM may service one or more CE networks. Intra-CM
coordination may enable neighbor CE networks registered to
the same CM to coexist. A single operator may have specific
policies for managing coexistence between devices using the
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operator’s services. A CM may allocate spectrum resources
such that such coexistence policies are complied with. Inter-
CM coordination may enable neighbor CE networks, for
example that are registered to different CMs, to coexist.
Operators may have specific policies for managing coexist-
ence between the CE networks that they serve and other CE
networks, such as other operator networks and/or standalone
networks. A CM may allocate spectrum resources such that
such coexistence policies are complied with. A coexistence
management system may implement intra-CM coordination,
inter-CM coordination, or any combination thereof.

A channel, for example channel of a TV band, may be
exclusively used by a CE network. One or more networks may
mitigate interference, in accordance with an implementation
of'exclusive channel use, by avoiding simultaneous use of the
same channels. A channel, for example channel of a TV band,
may be shared by multiple CE networks, which may be
referred to as co-channel sharing. In accordance with an
implementation of such co-channel sharing, one or more par-
ticipating networks may mitigate interference via power man-
agement of competing devices, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a system diagram of an example communica-
tions system in which one or more disclosed embodiments
may be implemented.

FIG. 1B is a system diagram of an example wireless trans-
mit/receive unit (WTRU) that may be used within the com-
munications system illustrated in FIG. 1A.

FIG. 1C is a system diagram of an example radio access
network and an example core network that may be used
within the communications system illustrated in FIG. 1A.

FIG. 1D is a system diagram of an example radio access
network and an example core network that may be used
within the communications system illustrated in FIG. 1A.

FIG. 1E is a system diagram of an example radio access
network and an example core network that may be used
within the communications system illustrated in FIG. 1A.

FIG. 2 illustrates an example logical coexistence system
architecture.

FIG. 3 illustrates an example coexistence management
service system.

FIG. 4 illustrates an example coexistence manager (CM)
management service procedure.

FIG. 5 illustrates an example CM channel allocation pro-
cedure in accordance with exclusive channel use.

FIG. 6 illustrates an example coexistence enabler (CE)
management service procedure.

FIG. 7 illustrates an example negotiation-based auction
between two CMs.

FIG. 8 shows an example TV white space (TVWS)
resource usage information.

FIG. 9 illustrates an example procedure performed by a
smart coexistence discovery and information server (CDIS).

FIG. 10 illustrates an example CM management service
procedure with an advanced CDIS.

FIG. 11 illustrates an example CM channel reservation
decision making procedure.

FIG. 12 illustrates an example CM management service
procedure with a smart CDIS.

FIG. 13 illustrates an example process for a CDIS-based
auction for resolving bid collisions.

FIG. 14 illustrates an example process for a CDIS-based
silent auction.

FIG. 15 illustrates an example architecture for license
shared access (LSA) with CM communication.
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FIG. 16 illustrates an example architecture for LSA with a
smart CDIS.

FIG. 17 illustrates an example architecture for cloud spec-
trum sharing (CSS) with a smart CDIS.

DETAILED DESCRIPTION

FIG. 1A is a diagram of an example communications sys-
tem 100 in which one or more disclosed embodiments may be
implemented. The communications system 100 may be a
multiple access system that provides content, such as voice,
data, video, messaging, broadcast, etc., to multiple wireless
users. The communications system 100 may enable multiple
wireless users to access such content through the sharing of
system resources, including wireless bandwidth. For
example, the communications systems 100 may employ one
or more channel access methods, such as code division mul-
tiple access (CDMA), time division multiple access
(TDMA), frequency division multiple access (FDMA),
orthogonal FDMA (OFDMA), single-carrier FDMA (SC-
FDMA), and the like.

As shownin FIG. 1A, the communications system 100 may
include wireless transmit/receive units (WTRUs) 102a, 1025,
102¢, 1024, a radio access network (RAN) 104, a core net-
work 106, a public switched telephone network (PSTN) 108,
the Internet 110, and other networks 112, though it will be
appreciated that the disclosed embodiments contemplate any
number of WTRUS, base stations, networks, and/or network
elements. Each of the WTRUs 1024, 1025,102¢, 1024 may be
any type of device configured to operate and/or communicate
in a wireless environment. By way of example, the WTRUs
102a, 1025, 102¢, 102d may be configured to transmit and/or
receive wireless signals and may include user equipment
(UE), a mobile station, a fixed or mobile subscriber unit, a
pager, a cellular telephone, a personal digital assistant (PDA),
a smartphone, a laptop, a netbook, a personal computer, a
wireless sensor, consumer electronics, and the like.

The communications systems 100 may also include a base
station 114a and a base station 1145. Each of the base stations
114a, 1145 may be any type of device configured to wire-
lessly interface with at least one of the WIRUs 102a, 1025,
102c¢, 1024 to facilitate access to one or more communication
networks, such as the core network 106, the Internet 110,
and/or the networks 112. By way of example, the base sta-
tions 114a, 1145 may be a base transceiver station (BTS), a
Node-B, an eNode B, a Home Node B, a Home eNode B, a
site controller, an access point (AP), a wireless router, and the
like. While the base stations 114a, 1145 are each depicted as
a single element, it will be appreciated that the base stations
114a, 1145 may include any number of interconnected base
stations and/or network elements.

The base station 114a may be part of the RAN 104, which
may also include other base stations and/or network elements
(not shown), such as a base station controller (BSC), a radio
network controller (RNC), relay nodes, etc. The base station
114a and/or the base station 1145 may be configured to trans-
mit and/or receive wireless signals within a particular geo-
graphic region, which may be referred to as a cell (not shown).
The cell may further be divided into cell sectors. For example,
the cell associated with the base station 114a may be divided
into three sectors. Thus, in an embodiment, the base station
114a may include three transceivers, i.e., one for each sector
of'the cell. In another embodiment, the base station 114a may
employ multiple-input multiple output (MIMO) technology
and, therefore, may utilize multiple transceivers for each sec-
tor of the cell.
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The base stations 114a, 1145 may communicate with one
or more of the WTRUs 102a, 1025, 102¢, 1024 over an air
interface 116, which may be any suitable wireless communi-
cation link (e.g., radio frequency (RF), microwave, infrared
(IR), ultraviolet (UV), visible light, etc.). The air interface
116 may be established using any suitable radio access tech-
nology (RAT).

More specifically, as noted above, the communications
system 100 may be a multiple access system and may employ
one or more channel access schemes, such as CDMA,
TDMA, FDMA, OFDMA, SC-FDMA, and the like. For
example, the base station 114a in the RAN 104 and the
WTRUs 1024, 1025, 102¢ may implement a radio technology
such as which may establish the air interface 116 using wide-
band CDMA (WCDMA). WCDMA may include communi-
cation protocols such as High-Speed Packet Access (HSPA)
and/or Evolved HSPA (HSPA+). HSPA may include High-
Speed Downlink Packet Access (HSDPA) and/or High-Speed
Uplink Packet Access (HSUPA).

In another embodiment, the base station 114a and the
WTRUs 1024, 1025, 102¢ may implement a radio technology
such as Evolved UMTS Terrestrial Radio Access (E-UTRA),
which may establish the air interface 116 using Long Term
Evolution (LTE) and/or LTE-Advanced (LTE-A).

In other embodiments, the base station 114a and the
WTRUs 1024, 1025, 102¢ may implement radio technologies
such as IEEE 802.16 (i.e., Worldwide Interoperability for
Microwave Access (WiMAX)), CDMA2000, CDMA2000
1X, CDMA2000 EV-DO, Interim Standard 2000 (IS-2000),
Interim Standard 95 (IS-95), Interim Standard 856 (IS-856),
Global System for Mobile communications (GSM),
Enhanced Data rates for GSM Evolution (EDGE), GSM
EDGE (GERAN), and the like.

The base station 1145 in FIG. 1A may be a wireless router,
Home Node B, Home eNode B, or access point, for example,
and may utilize any suitable RAT for facilitating wireless
connectivity in a localized area, such as a place of business, a
home, a vehicle, a campus, and the like. In an embodiment,
the base station 1145 and the WTRUs 102¢, 1024 may imple-
ment a radio technology such as IEEE 802.11 to establish a
wireless local area network (WLAN). In another embodi-
ment, the base station 1145 and the WTRUs 102¢, 1024 may
implement a radio technology such as IEEE 802.15 to estab-
lish a wireless personal area network (WPAN). In yet another
embodiment, the base station 1145 and the WTRUs 102¢,
102d may utilize a cellular-based RAT (e.g., WCDMA,
CDMA2000, GSM, LTE, LTE-A, etc.) to establish a picocell
or femtocell. As shown in FIG. 1A, the base station 1145 may
have a direct connection to the Internet 110. Thus, the base
station 1145 may not be required to access the Internet 110 via
the core network 106.

The RAN 104 may be in communication with the core
network 106, which may be any type of network configured to
provide voice, data, applications, and/or voice over internet
protocol (VoIP) services to one or more of the WTRUs 102a,
1024, 102¢, 102d. For example, the core network 106 may
provide call control, billing services, mobile location-based
services, pre-paid calling, Internet connectivity, video distri-
bution, etc., and/or perform high-level security functions,
such as user authentication. Although not shown in FIG. 1A,
it will be appreciated that the RAN 104 and/or the core net-
work 106 may be in direct or indirect communication with
other RANs that employ the same RAT as the RAN 104 or a
different RAT. For example, in addition to being connected to
the RAN 104, which may be utilizing an E-UTRA radio
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technology, the core network 106 may also be in communi-
cation with another RAN (not shown) employing a GSM
radio technology.

The core network 106 may also serve as a gateway for the
WTRUSs 1024, 1025, 102¢, 102d to access the PSTN 108, the
Internet 110, and/or other networks 112. The core network
106 may include at least one transceiver and at least one
processor. The PSTN 108 may include circuit-switched tele-
phone networks that provide plain old telephone service
(POTS). The Internet 110 may include a global system of
interconnected computer networks and devices that use com-
mon communication protocols, such as the transmission con-
trol protocol (TCP), user datagram protocol (UDP) and the
internet protocol (IP) in the TCP/IP internet protocol suite.
The networks 112 may include wired or wireless communi-
cations networks owned and/or operated by other service
providers. For example, the networks 112 may include
another core network connected to one or more RANs, which
may employ the same RAT as the RAN 104 or a different
RAT.

Some or all of the WTRUs 102a, 1025, 102¢, 1024 in the
communications system 100 may include multi-mode capa-
bilities, i.e., the WTRUs 1024, 1025, 102¢, 1024 may include
multiple transceivers for communicating with different wire-
less networks over different wireless links. For example, the
WTRU 102¢ shown in FIG. 1A may be configured to com-
municate with the base station 114a, which may employ a
cellular-based radio technology, and with the base station
1145, which may employ an IEEE 802 radio technology.

FIG. 1B is a system diagram of an example WTRU 102. As
shown in FIG. 1B, the WTRU 102 may include a processor
118, a transceiver 120, a transmit/receive element 122, a
speaker/microphone 124, a keypad 126, a display/touchpad
128, non-removable memory 106, removable memory 132, a
power source 134, a global positioning system (GPS) chipset
136, and other peripherals 138. It will be appreciated that the
WTRU 102 may include any sub-combination of the forego-
ing elements while remaining consistent with an embodi-
ment.

The processor 118 may be a general purpose processor, a
special purpose processor, a conventional processor, a digital
signal processor (DSP), a plurality of microprocessors, one or
more microprocessors in association with a DSP core, a con-
troller, a microcontroller, Application Specific Integrated Cir-
cuits (ASICs), Field Programmable Gate Array (FPGAs) cir-
cuits, any other type of integrated circuit (IC), a state
machine, and the like. The processor 118 may perform signal
coding, data processing, power control, input/output process-
ing, and/or any other functionality that enables the WTRU
102 to operate in a wireless environment. The processor 118
may be coupled to the transceiver 120, which may be coupled
to the transmit/receive element 122. While FIG. 1B depicts
the processor 118 and the transceiver 120 as separate compo-
nents, it will be appreciated that the processor 118 and the
transceiver 120 may be integrated together in an electronic
package or chip.

The transmit/receive element 122 may be configured to
transmit signals to, or receive signals from, a base station
(e.g., the base station 114a) over the air interface 116. For
example, in an embodiment, the transmit/receive element 122
may be an antenna configured to transmit and/or receive RF
signals. In another embodiment, the transmit/receive element
122 may be an emitter/detector configured to transmit and/or
receive IR, UV, or visible light signals, for example. In yet
another embodiment, the transmit/receive element 122 may
be configured to transmit and receive both RF and light sig-
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nals. It will be appreciated that the transmit/receive element
122 may be configured to transmit and/or receive any com-
bination of wireless signals.

In addition, although the transmit/receive element 122 is
depicted in FIG. 1B as a single element, the WTRU 102 may
include any number of transmit/receive elements 122. More
specifically, the WIRU 102 may employ MIMO technology.
Thus, in an embodiment, the WTRU 102 may include two or
more transmit/receive elements 122 (e.g., multiple antennas)
for transmitting and receiving wireless signals over the air
interface 116.

The transceiver 120 may be configured to modulate the
signals that are to be transmitted by the transmit/receive ele-
ment 122 and to demodulate the signals that are received by
the transmit/receive element 122. As noted above, the WTRU
102 may have multi-mode capabilities. Thus, the transceiver
120 may include multiple transceivers for enabling the
WTRU 102 to communicate via multiple RATs, such as
UTRA and IEEE 802.11, for example.

The processor 118 of the WTRU 102 may be coupled to,
and may receive user input data from, the speaker/micro-
phone 124, the keypad 126, and/or the display/touchpad 128
(e.g., a liquid crystal display (LCD) display unit or organic
light-emitting diode (OLED) display unit). The processor 118
may also output user data to the speaker/microphone 124, the
keypad 126, and/or the display/touchpad 128. In addition, the
processor 118 may access information from, and store data in,
any type of suitable memory, such as the non-removable
memory 106 and/or the removable memory 132. The non-
removable memory 106 may include random-access memory
(RAM), read-only memory (ROM), a hard disk, or any other
type of memory storage device. The removable memory 132
may include a subscriber identity module (SIM) card, a
memory stick, a secure digital (SD) memory card, and the
like. In other embodiments, the processor 118 may access
information from, and store data in, memory that is not physi-
cally located on the WTRU 102, such as on a server or ahome
computer (not shown).

The processor 118 may receive power from the power
source 134, and may be configured to distribute and/or con-
trol the power to the other components in the WTRU 102. The
power source 134 may be any suitable device for powering
the WTRU 102. For example, the power source 134 may
include one or more dry cell batteries (e.g., nickel-cadmium
(NiCd), nickel-zinc (NiZn), nickel metal hydride (NiMH),
lithium-ion (Li-ion), etc.), solar cells, fuel cells, and the like.

The processor 118 may also be coupled to the GPS chipset
136, which may be configured to provide location informa-
tion (e.g., longitude and latitude) regarding the current loca-
tion of the WTRU 102. In addition to, or in lieu of, the
information from the GPS chipset 136, the WTRU 102 may
receive location information over the air interface 116 from a
base station (e.g., base stations 114a, 1145) and/or determine
its location based on the timing of the signals being received
from two or more nearby base stations. It will be appreciated
that the WTRU 102 may acquire location information by way
of any suitable location-determination method while remain-
ing consistent with an embodiment.

The processor 118 may further be coupled to other periph-
erals 138, which may include one or more software and/or
hardware modules that provide additional features, function-
ality and/or wired or wireless connectivity. For example, the
peripherals 138 may include an accelerometer, an e-compass,
a satellite transceiver, a digital camera (for photographs or
video), a universal serial bus (USB) port, a vibration device,
a television transceiver, a hands free headset, a Bluetooth®
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module, a frequency modulated (FM) radio unit, a digital
music player, a media player, a video game player module, an
Internet browser, and the like.

FIG. 1C is a system diagram of the RAN 104 and the core
network 106 according to an embodiment. As noted above,
the RAN 104 may employ a UTRA radio technology to
communicate with the WTRUs 1024, 1025 and 102¢ over the
air interface 116. The RAN 104 may also be in communica-
tion with the core network 106. As shown in FIG. 1C, the
RAN 104 may include Node-Bs 140a, 1405, 140¢, which
may each include one or more transceivers for communicat-
ing with the WTRUs 1024, 1025, 102¢ over the air interface
116. The Node-Bs 140a, 1405, 140c may each be associated
with a particular cell (not shown) within the RAN 104. The
RAN 104 may also include RNCs 142a, 1425. It will be
appreciated that the RAN 104 may include any number of
Node-Bs and RNCs while remaining consistent with an
embodiment.

As shown in FIG. 1C, the Node-Bs 1404, 1405 may be in
communication with the RNC 142a. Additionally, the
Node-B 140¢ may be in communication with the RNC14254.
The Node-Bs 140a, 1405, 140¢ may communicate with the
respective RNCs 1424, 1425 via an lub interface. The RNCs
142a, 1425 may be in communication with one another via an
Tur interface. Each of the RNCs 1424, 1425 may be config-
ured to control the respective Node-Bs 140a, 14056, 140c¢ to
which it is connected. In addition, each of the RNCs 142a,
142b may be configured to carry out or support other func-
tionality, such as outer loop power control, load control,
admission control, packet scheduling, handover control, mac-
rodiversity, security functions, data encryption, and the like.

The core network 106 shown in FIG. 1C may include a
media gateway (MGW) 144, a mobile switching center
(MSC) 146, a serving GPRS support node (SGSN) 148, and/
or a gateway GPRS support node (GGSN) 150. While each of
the foregoing elements are depicted as part of the core net-
work 106, it will be appreciated that any one of these elements
may be owned and/or operated by an entity other than the core
network operator.

The RNC 142¢ in the RAN 104 may be connected to the
MSC 146 in the core network 106 via an IuCS interface. The
MSC 146 may be connected to the MGW 144. The MSC 146
and the MGW 144 may provide the WTRUs 1024,1025,102¢
with access to circuit-switched networks, such as the PSTN
108, to facilitate communications between the WTRUs 1024,
10256, 102¢ and traditional land-line communications
devices.

The RNC 1424 in the RAN 104 may also be connected to
the SGSN 148 in the core network 106 via an [uPS interface.
The SGSN 148 may be connected to the GGSN 150. The
SGSN 148 and the GGSN 150 may provide the WTRUs 1024,
1024, 102¢ with access to packet-switched networks, such as
the Internet 110, to facilitate communications between and
the WIRUs 1024, 1025, 102¢ and IP-enabled devices.

As noted above, the core network 106 may also be con-
nected to the networks 112, which may include other wired or
wireless networks that are owned and/or operated by other
service providers.

FIG. 1D is a system diagram of the RAN 104 and the core
network 106 according to an embodiment. As noted above,
the RAN 104 may employ an E-UTRA radio technology to
communicate with the WTRUs 1024, 1025 and 102¢ over the
air interface 116. The RAN 104 may also be in communica-
tion with the core network 106.

The RAN 104 may include eNode-Bs 170a, 1705 and
170c, though it will be appreciated that the RAN 104 may
include any number of eNode-Bs while remaining consistent
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with an embodiment. The eNode-Bs 170qa, 1705, 170¢ may
each include one or more transceivers for communicating
with the WTRUSs 1024, 1025, 102¢ over the air interface 116.
In an embodiment, the eNode-Bs 170a, 1705, 170¢ may
implement MIMO technology. Thus, the eNode-B 1404, for
example, may use multiple antennas to transmit wireless sig-
nals to, and receive wireless signals from, the WTRU 102a4.

Each of the eNode-Bs 170qa, 1705 and 170¢ may be asso-
ciated with a particular cell (not shown) and may be config-
ured to handle radio resource management decisions, han-
dover decisions, scheduling of users in the uplink and/or
downlink, and the like. As shown in FIG. 1D, the eNode-Bs
170a, 17056, 170c may communicate with one another over an
X2 interface.

The core network (CN) 106 shown in FIG. 1D may include
a mobility management gateway (MME) 162, a serving gate-
way 164, and a packet data network (PDN) gateway 166.
While each of the foregoing elements are depicted as part of
the core network 106, it will be appreciated that any one of
these elements may be owned and/or operated by an entity
other than the core network operator.

The MME 162 may be connected to each of the eNode-Bs
170a,17056 and 170c¢ in the RAN 104 via an S1 interface and
may serve as a control node. For example, the MME 162 may
be responsible for authenticating users of the WITRUs 102a,
1024, 102¢, bearer activation/deactivation, selecting a par-
ticular serving gateway during an initial attach of the WTRUs
102a, 1025, 102¢, and the like. The MME 162 may also
provide a control plane function for switching between the
RAN 104 and other RANs (not shown) that employ other
radio technologies, such as GSM or WCDMA.

The serving gateway 164 may be connected to each of the
eNode Bs 170a, 1705, 170c¢ in the RAN 104 via the S1
interface. The serving gateway 164 may generally route and
forward user data packets to/from the WTRUs 1024, 1025,
102¢. The serving gateway 164 may also perform other func-
tions, such as anchoring user planes during inter-eNode B
handovers, triggering paging when downlink data is available
for the WTRUs 102a, 1025, 102¢, managing and storing
contexts of the WTRUs 1024, 1025, 102¢, and the like.

The serving gateway 164 may also be connected to the
PDN gateway 166, which may provide the WTRUs 102a,
1024, 102¢ with access to packet-switched networks, such as
the Internet 110, to facilitate communications between the
WTRUs 1024, 1025, 102¢ and IP-enabled devices.

The core network 106 may facilitate communications with
other networks. For example, the core network 106 may pro-
vide the WIRUs 102a, 1025, 102¢ with access to circuit-
switched networks, such as the PSTN 108, to facilitate com-
munications between the WTRUs 102a, 10254, 102¢ and
traditional land-line communications devices. For example,
the core network 106 may include, or may communicate with,
an [P gateway (e.g., an IP multimedia subsystem (IMS)
server) that serves as an interface between the core network
106 and the PSTN 108. In addition, the core network 106 may
provide the WTRUs 102a, 1025, 102¢ with access to the
networks 112, which may include other wired or wireless
networks that are owned and/or operated by other service
providers.

FIG. 1E is a system diagram of the RAN 104 and the core
network 106 according to an embodiment. The RAN 104 may
be an access service network (ASN) that employs IEEE
802.16 radio technology to communicate with the WTRUs
102a,1025,102¢ over the air interface 116. As will be further
discussed below, the communication links between the dif-
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ferent functional entities of the WTRUs 1024, 1025,102c¢, the
RAN 104, and the core network 106 may be defined as ref-
erence points.

As shown in FIG. 1E, the RAN 104 may include base
stations 180a, 1805, 180¢, and an ASN gateway 142, though
it will be appreciated that the RAN 104 may include any
number of base stations and ASN gateways while remaining
consistent with an embodiment. The base stations 180a,
1804, 180c may each be associated with a particular cell (not
shown) in the RAN 104 and may each include one or more
transceivers for communicating with the WTRUs 1024, 1025,
102c¢ over the air interface 116. In one embodiment, the base
stations 180a, 1805, 180c may implement MIMO technol-
ogy. Thus, the base station 140q, for example, may use mul-
tiple antennas to transmit wireless signals to, and receive
wireless signals from, the WTRU 102a. The base stations
180a, 1805, 180c may also provide mobility management
functions, such as handoff triggering, tunnel establishment,
radio resource management, traffic classification, quality of
service (QoS) policy enforcement, and the like. The ASN
gateway 182 may serve as a traffic aggregation point and may
be responsible for paging, caching of subscriber profiles,
routing to the core network 106, and the like. The air interface
116 between the WTRUs 1024, 1025, 102¢ and the RAN 104
may be defined as an R1 reference point that implements the
IEEE 802.16 specification. In addition, each of the WTRUs
102a, 1025, 102¢ may establish a logical interface (not
shown) with the core network 106. The logical interface
between the WTRUs 1024, 1025, 102¢ and the core network
106 may be defined as an R2 reference point, which may be
used for authentication, authorization, IP host configuration
management, and/or mobility management.

The communication link between each of the base stations
180a, 1805, 180c may be defined as an R8 reference point that
includes protocols for facilitating WTRU handovers and the
transfer of data between base stations. The communication
link between the base stations 180a, 1805, 180c¢ and the ASN
gateway 215 may be defined as an R6 reference point. The R6
reference point may include protocols for facilitating mobil-
ity management based on mobility events associated with
each of the WTRUs 1024, 1025, 100c.

As shown in FIG. 1E, the RAN 104 may be connected to
the core network 106. The communication link between the
RAN 104 and the core network 106 may defined as an R3
reference point that includes protocols for facilitating data
transfer and mobility management capabilities, for example.
The core network 106 may include a mobile IP home agent
(MIP-HA) 184, an authentication, authorization, accounting
(AAA) server 186, and a gateway 188. While each of the
foregoing elements are depicted as part of the core network
106, it will be appreciated that any one of these elements may
be owned and/or operated by an entity other than the core
network operator.

FIG. 2 illustrates a logical system architecture of an
example coexistence system 200 that may be implemented
for one or more networks, for example networks operating in
television white space (TVWS). The architecture of the coex-
istence system 200 may include system entities, for example
network devices, that may be configured to enable coexist-
ence of one or more TV band networks. As shown, the coex-
istence system 200 may include one or more logical system
entities, for example one or more of a coexistence enabler
(CE) 202, one or more coexistence managers (CM) 204, and
a coexistence discovery and information server (CDIS) 206.

The architecture of the coexistence system 200 may
include one or more external entities, for example network
devices, that may be configured to provide information to the
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10
coexistence system 200. As shown, the coexistence system
200 may include one or more TV band devices (TVBD) 208
(e.g., TVBD networks), a TV white space (TVWS) database
210, and/or an operator management entity 212.

In accordance with the illustrated coexistence system 200,
the CE 202 may request and obtain information from the
TVBD, and may send a resource request to the CM 204. The
CE 202 may configure one or more operational parameters of
the TVBD 208, for example based on a resource allocation
from the CM 204. One or more of the CE 202, the CM 204,
and the CDIS 206, may be located in a communication net-
work, such as an operator communication network.

The CM 204 may provide spectrum management service to
one or more CEs 202, may discover and/or solve coexistence
conflicts of one or more TVBD networks 208 operating in the
same area, and/or may obtain information from a TVWS
database 212 and respective CMs of one or more neighbor
networks. The CM 204 may be located at a network operator,
for example. The CDIS 206 may provide neighbor discovery
service to one or more CMs 204, and may keep records
pertaining to one or more registered CMs 204 and/or infor-
mation associated with one or more TVBD networks 208. For
example, a management service or command service may be
provided. The CDIS 206 may be located on the Internet, for
example.

White space and/or other spectrum may be shared through
an implementation of licensed shared access (LSA). LSA, for
example, may include a regulatory policy and/or licensing
regime whereby a limited number of licensees in a frequency
band that may be allocated or owned by a primary incumbent
user may use the band (e.g., a portion of the band such as one
or more channels) on a non-interfering and/or non-protected
basis. In accordance with LSA, one or more additional users
or licensees may be allowed to use the spectrum in accor-
dance with sharing rules in the rights of use of the spectrum
granted to the licensees, which may allow the licensees to
provide a certain level of QoS, for example.

An implementation of LSA may be desirable in contrast to
a pure unlicensed or collective use model. For example, an
LSA implementation may limit the number of users allocated
to use the spectrum, and/or may include comparatively more
regulatory control associated with the use of the spectrum. A
regulator may know the licensee to operate in a given band,
and may effectively handle interference that may arise to the
incumbent user. The regulator may manage the spectrum such
that each licensee may receive the QoS.

Under an LSA implementation, it may be possible for a
system to pool resources that belong to different primary
services and/or spectrum owners. For example, multiple cel-
Iular operators may be interested in licensing some of their
spectrum during periods of low network load and may imple-
ment an LS A regime to allow this spectrum to be leased to one
or more secondary users and/or licensees. Free (e.g., avail-
able) spectrum may be pooled together to create a single set of
resources that may be dynamically allocated (e.g., on a short
time period) to one or more systems that may request a tem-
porary license to use the spectrum. Such a sharing model, for
example, may be referred to as an implementation of cloud
spectrum sharing (CSS).

Under an LSA implementation, coordination may be pro-
vided, for example, between a primary operator that may have
authority over one or more spectrum bands and that may wish
to lease or sell temporary usage of one or more bands, and a
secondary operator who may lease the band from the primary
operator.

With frequency channels available for unlicensed use, a
large number of devices may use a channel simultaneously,
which may cause interference among one or more devices.
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Channel sharing regimes, such as LSA, may implement
mechanisms to allow sharing of a channel among multiple
devices and/or systems using a temporary license. For
example, in accordance with an LSA implementation, a pri-
mary user of a band may provide a license to two different
systems, based on an assumption that the two systems may
still be able to achieve a certain QoS if they share the channel
based on one or more coexistence mechanisms.

FIG. 3 illustrates an example network 300 that includes an
implementation of an example coexistence management ser-
vice system. The network 300 may include a TVWS database
302 and a coexistence discovery and information server
(CDIS) 304. One or both of the TVWS database 302 and the
CDIS 304 may be located on the Internet 110. The network
300 may include a first network 306, a second network 308,
and a wireless local area network (WLAN) network 310. The
first, second, and WLAN networks 306, 308, 310 may be
operated by the same or different network providers. For
example, as shown, the first network 306 may be operated by
a first network operator and the second network 308 may be
operated by a second network operator.

One or more of the first, second, and WLAN networks 306,
308, 310 may include one or more network devices, such as
CMs 312 and/or coexistence databases 314 that may reside in
respective core networks, for example in respective home
eNode B management systems (HeMSs) 316. One or more of
the CMs 312 may be associated with one or more correspond-
ing CEs 318. The CEs 318 may be collocated or distributed
with respect to the respective home eNode B management
systems (HeMSs) 316. A CE 318 may include an access point
320, such as an antenna, that may be communicatively
coupled to the CE 318 and that may be configured to enable
one or more associated devices 322, to communicate with the
CE 318.

One or more of the CEs 318 may be configured to obtain
information for coexistence, for example from a TVBD, and
may reconfigure TVBD operation in accordance with one or
more coexistence decisions. A CE network may include a
network capable of co-existing with other networks in
TVWS, for example via a CE 318. For example, each CE
network, such as a HeNB, may be associated with a CE 318.
Respective TVBDs may be connected to one or more CE
networks. If the TVBDs are sufficiently close together, the
devices may interfere with each other. The interferences may
reduce the overall performance of the networks involved.

One or more portions of spectrum, for example unlicensed
spectrum, may be allocated so as to reduce interference. A
management service based coexistence system may provide a
full spectrum solution to CE networks. Usage of one or more
TVWS channels may be coordinated within a CE network or
among multiple CE networks. A CE network may belong to
the same CM 312 or to different CMs 312. The processing of
CMs 312 may be enforced. The coordination may include
intra-CM coordination and/or inter-CM negotiation.

The coexistence management service system may include
one or more CDISs 304. A CDISs 304 may be in operative
communication with the other system components such as the
CMs 312, for example via the Internet 110. A CDIS 304 may
store information pertaining to one or more CE networks.
Such information may be used for facilitating neighbor dis-
covery between CMs 312, for example. The CE network
information may include network identification information
such as a network ID, a network type, and may include net-
work operator information, network operation information
such as geo-location and coverage area of the CE network, a
network device’s Tx power class and/or Tx antenna height,
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the radio access technologies, or the like. The CDIS 304 may
store TVWS usage information pertaining to one or more
secondary networks.

The TVWS usage information of one or more secondary
networks may be stored in one or more of the operator coex-
istence databases 314, for example. An operator coexistence
database 314 may reside within the same node as a corre-
sponding CM 312. An entry in the operator coexistence data-
base 314 may correspond to a CE 318 entity or an access point
(AP) 320 operating onrespective TVWS bands. An entry may
include one or more of network identification information,
TVWS usage information network operation information,
and/or negotiation-related information, for example.

Network identification information may include one or
more of a network ID that may uniquely identity a CE net-
work, information indicating network type, identification
address of the CE network, and/or CE geo-location informa-
tion, for example.

TVWS usage information may include one or more of
information indicating a TVWS channel(s) occupied by the
network, a duration or the time period of the TVWS channels
usage, CE antenna height and/or the height of the transmis-
sion antenna, and/or CE transmission power or the power
level of the transmission antenna, for example.

Network operation information may include one or more
of information indicating a network coverage area, interfer-
ence area related information, network device information, a
network QoS requirement, radio access technologies (e.g.,
WiFi, LTE-TDD, LTE-FDD, etc.), and/or network policy
information.

Interference area related information may include one or
more of interfering neighbor network information, such as a
physical cell ID for an LTE network or an SSID for a WIFI
network, and/or an inter-dependency mapping such as the
interference level between two networks, for example. The
inter-dependency mapping information may depend on, for
example, the geo-locations of the networks, and/or one or
more other radio environment measurements.

Network device information may include one or more of
network device IDs, working spectrum, location, radio fre-
quency sensitivity, sensing capability, and/or transmission
power of the network devices, for example. The network
policy information may indicate one or more policies that the
CE network may follow. An example policy may include not
using channels adjacent to an occupied TV channel, due to the
short distance to a TV tower or policies on co-channel shar-
ing.

A CM 312 may maintain a database of coexistence infor-
mation. For example, a CM 312 may populate and/or main-
tain a corresponding operator coexistence database 314. The
database 314 may be kept locally at the CM 312, or remotely.
The CM 312 may update information associated with the
networks within the operator in the CDIS 304 and TVWS
database 302. The CM 312 may allocate TVWS resources to
one or more associated CE networks within the operator, may
coordinate TVWS usage between multiple CE networks
within the operator, and/or may negotiate TVWS usage
between multiple CE networks (e.g. between CMs 312 from
different operators).

A CE 318 may provide information and/or resource to the
CM 312. The CE 318 may forward spectrum usage informa-
tion from an associated CM 312 to one or more devices in a
CE-associated network that corresponds to the CE 318 (e.g.,
a CE network) and may forward processed spectrum infor-
mation back to the CM 312. The CE 318 may receive one or
more resource allocation decisions from the CM 312, and
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may configure operation of one or more associated CEs 318,
for example based on the resource allocation.

FIG. 4 illustrates an example coexistence manager (CM)
management service procedure 400. As shown, at 402 a CE
may send a registration request to an associated CM. As part
of registration, the CM may collect information pertaining to
a corresponding CE network, that may include one or more of
a network ID, network administrator contact information,
information pertaining to one or more TVBDs within the CE
(e.g., device ID, device type, device serial number, location,
transmission antenna height), for example. At 404, the CM
may store or update an associated operator coexistence data-
base, for example based on the collected CE network infor-
mation.

At406, the CM may register the CE to the TVWS database.
For example, the CM may register the CE as a fixed or Mode
IITVBD (e.g., a HeNB). The CM may provide TVBD infor-
mation to the TVWS database, which may include one or
more of a CE device ID, a device type, a serial number, a
device location, and/or contact information, etc., for example.

After the registration process is completed, the CM may
acquire, for example from the TVWS database at 408, TVWS
usage information related to primary users within one or more
coverage areas of one or more activated CE networks (e.g.,
CE networks associated with an LTE core network). The
TVWS database information download 408 may occur peri-
odically, for example every day. The download frequency
may be specified in a policy, for example in accordance with
FCC rules.

At 410, the CM may register the CE networks to the CDIS
and/or may provide CE network information to the CDIS,
which may include one or more of a network location, a
network coverage area, network operator contact informa-
tion, etc., for example.

At 412, the CM may receive a CE network update. At 414
and 416, respectively, the operator coexistence database, the
TVWS database, and/or the CDIS may be updated. For
example, when the location of a Mode I1 TVBD device (e.g.,
HeNB) changes, the CM may update the TVWS database and
the CDIS. The network update may include the release of
certain TVWS channel resources by a CE network, for
example.

At 418, the CM may receive a spectrum request or a spec-
trum adjustment, for example from an associated CE net-
work. The spectrum request may be received via an associ-
ated CE, for example.

At 420 and 422, respectively, the CM may, depending on
the CE network location, check the downloaded TVWS data-
base and the operator coexistence database for one or more
available channels in the location. The CM may request that
one or more associated CEs check the radio environment in
proximity to the requesting CE network.

At 424, the CM may check the CDIS for contact informa-
tion of one or more networks near the requesting CE network.
In a case where there are one or more neighbor networks, the
CM may check the neighbor networks for TVWS channel
usage information (e.g., current usage information). At 426,
for example, the CM may inquire of one or more neighbor
networks via associated CMs.

At428, the CM may collect the information and may derive
a list of candidate channels. The CM may send this list of
candidate channels to the CE. The CE may rank the candi-
dates based, for example, on the local radio environment and
may send the ranking of the available channels to the CM, at
430. Based on the ranking, the CM may, at 432, make a
spectrum allocation proposal for the requesting CE network.
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At 434, the CM may negotiate the proposal with a neighbor
CM. Such negotiation may occur for more than one round.
For exclusive channel allocations, for example, a negotiation
process may be omitted (e.g., waived).

At 436, one or more neighboring CMs may finalize the
spectrum allocation. At 438, the CM may transmit the spec-
trum allocation decision to the requesting CE network. At
440, the CM may update the operator coexistence database to
reflect the allocation. The final spectrum allocation may
affect the channel resource usage among several CEs within
the same operator. For example, the CM may sacrifice part of
the TVWS channel resources of one CE for another CE within
the same operator. The negotiation and spectrum allocation
may be based, for example, on one or more decision-making
and/or negotiation algorithms, and/or on one or more poli-
cies.

At 442, the CM may receive a spectrum inquiry from a
neighbor CM. At 444, the CM may check the operator coex-
istence database, for example in order to determine whether
the operator has, at a specific location, networks operating on
the TVWS channels of interest. At 446, the CM may respond
to the inquiring CM with spectrum usage information.

At 448, the CM may receive a spectrum proposal from, for
example, a neighbor CM. At 450 and/or at 452, the CM may
determine whether the spectrum proposal conflicts with cur-
rent spectrum usage based, for example, on queries to the
operator coexistence database and/or to one or more associ-
ated CEs, respectively. Based on the determination, the CM
may, at 454, respond to the spectrum proposal.

It should be appreciated that the illustrated operations of
the example CM management service procedure 400 need not
be illustrated in numerical order, and that less than all of the
operations may be executed. For example, the example CM
management service procedure 400 may include the execu-
tion of one or more 0f 402 to 410, 412 to 416, 418 to 440, 442
t0 446, 448 to 454, and 408, for example.

FIG. 5 illustrates an example CM channel allocation pro-
cedure 500 in accordance with exclusive channel use. At 502,
the CM may receive a spectrum request, for example from an
associated CE. At 504, the CM may, depending on a network
location and/or capability of the requesting CE, check one or
more of a downloaded database (e.g., a TVWS database),
channel usage (e.g., TVWS channel usage) of one or more
neighbor CMs, and an operator coexistence database, for one
or more available channels in that location.

At 506, the CM may determine whether a channel is avail-
able. If there are one or more an available channels, the CM
may, at 508, send a list of the one or more available channels
to the requesting CE. At 510, the CM may, based on feedback
received from the requesting CE that pertains to the ranked
list of available channels on, assign an available channel
resource (e.g., an available TVWS channel) to the requesting
CE.

At 512, if the CM determines that there is no available
channel, the CM may determine whether a neighbor CE net-
work (e.g., a neighbor HeNB) of the same operator may
release one or more channel resources (e.g., TVWS channel
resources). If a neighbor CE network of the same operator
may release one or more channel resources, the CM may
request that the neighbor CE network to release the channel
resource at 514, and may assign the channel resources to the
requesting CE at 516.

If the CM determines that no neighbor CE network of the
same operator may release one or more channel resources, the
CM may, at 518, determine whether a neighbor CM may
release one or more channel resources (e.g., TVWS channel
resources). If a neighbor CM may release one or more chan-
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nel resources, the CM may negotiate with the neighbor CM
for the channel resources at 520, and may assign the channel
resources to the requesting CE at 522.

Ifthe CM determines that there is no available channel, that
no neighbor CE network of the same operator may release one
or more channel resources, and/or that no neighbor CM may
release one or more channel resources, the CM may, at 524,
reject the spectrum request.

It should be appreciated that the illustrated operations of
the example CM channel allocation procedure 500 need not
be illustrated in numerical order, and that less than all of the
operations may be executed.

A CM may coordinate channel allocation (e.g., TVWS
channel allocation) among one or more neighbor CE net-
works that are associated with the same CM. Such coordina-
tion may be referred to as intra-CM coordination and may be
centralized. For example, there may be one CM per network
operator, and intra-CM coordination may apply to inter-op-
erator coordination. Depending on policies and/or network
capabilities, for example, the TVWS channel allocation may
be categorized into classes, for instance exclusive channel
usage and co-channel sharing.

In exclusive channel usage, a TVWS channel may be used
by a single CE network within a location. Exclusive channel
usage may be applied, for example when a number of avail-
able TVWS channels is larger than a number of requesting CE
networks. In co-channel sharing, a TVWS channel may be
shared by multiple neighboring CE networks. Co-channel
sharing may be applied, for example, when a number of
available TVWS channels is limited (e.g., smaller than a
number of requesting CE networks).

If a network exhibits limited capabilities, an available
channel (e.g., a TVWS channel) may be used by a single CE
network in a specific location. When a CM receives a spec-
trum request from a CE, the CM may determine whether there
is an available channel. Based on a determination that there is
an available channel, the CM may assign that channel to the
requesting CE. Ifthe CM determines that there is no available
channel, the CM may, for example, check the coexistence
database to see if any of its serving CE networks, such as the
neighboring networks of the requesting CE network, may
release a channel for the requesting CE network.

The CM may determine whether to release a channel based
on the priority of the requesting CE network and/or the pri-
ority of the occupying network, for example. A CE network
having a higher (e.g., highest) priority may operate on the
TVWS channel. The priority value for a give CE network may
be determined based on one or more factors that may include,
for example, a network QoS requirement. For example, a
network with a high QoS requirement may be associated with
a higher priority value. The factors may include a number of
TVBDs in the network. A network with more TVBDs may
indicate a high traffic demand and may be associated with a
higher priority value. The factors may include a subscribed
service level such that the CE subscribing the high service
level may be associated with a higher priority value. The
factors may include a number of tokens such that the network
with more tokens or that is willing to pay more tokens for the
channel may be associated with a higher priority value.
Tokens may be acquired from a third party or from the core
network itself, for example. In an example implementation,
tokens may be purchased at a predetermined price.

Based on the priority levels of its conflicting CE networks,
the CM may determine the CE network that may use the
available channel. The CE may inform the respective CE for
a corresponding channel switch operation.
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A CM may be configured to perform one or more optimi-
zation operations, such as facilitating channel exchange. For
example, a CM may instruct two CE networks to exchange
and/or swap respective channels that they operate on, such
that the networks may occupy adjacent channels. To illus-
trate, a CE network may occupy TVWS channels 21 and 23,
while a neighbor CE network may occupy TVWS channels
22 and 24. An associated CM may instruct the two networks
to exchange TVWS channels 22 and 23 such that one CE
network occupies channels 21 and 22, and the other CE
network occupies channels 23 and 24. Such channel
exchange operations may optimize network operation, for
example by taking advantage of a guard spectrum.

When a number of requesting neighbor CE networks of an
operator is larger than the number of available channels at that
location, one or more of the CE networks may share one or
more channels. In accordance with a centralized coexistence
mechanism, the co-channel sharing decision and/or spectrum
allocation proposal shown in FIG. 4 may be made by the CM.

Co-channel sharing may, for example, be in the form of
time division multiplexing (TDM), in the form of frequency
division multiplexing (FDM), and/or or in the form of inter-
ference management. In accordance with FDM co-channel
sharing, one or more TVWS channels may be partitioned into
sub-channels. One or more CE networks may each occupy
one or more some sub-channels, for example. In accordance
with interference management co-channel sharing, the trans-
mission power of each co-channel sharing CE network may
be limited such that an interference level to one or more
neighbor CE networks may be below a predetermined thresh-
old.

FDM-based co-channel may be performed in accordance
with various implementations. To illustrate, m CE networks
may share one or more common channels (e.g., TVWS chan-
nels). The channels may be partitioned into n sub-channels.
Though the number of common channels may be less than the
number m of CE networks, the number n of sub-channels may
be larger than m. The i sub-channel may be denoted as SC,
and the set of sub-channels allocated to the i CE network
may be denoted as A. The sub-channel sets A, ..., A, , may
not overlap, or A|UA, ... UA, ={SC, ..., SC,}. In an
example, sub-channel bandwidth may be chosen to be 1.4
MHz or 3 MHz.

In accordance with an example, let C,; (A;) denote the
capacity (or throughput) that the i” CE network may achieve
by using the allocated sub-channels in A. The capacity may
equal to log(1+SINR), where SINR may be calculated based
on a TVBD transmission power and/or an interference-noise
power. The transmission power of the CE network may be
provided from the CE to the CM. The interference-noise
power may be measured as radio environment by the CE, for
example.

One or more channels may be allocated such that the sum-
capacity of the CE networks may be as large as possible (e.g.,
maximized). Such a channel allocation may be expressed as

m
max Ci(A)
{Al,...,Am); e

One or more traffic conditions of the CE networks may be
considered in channel allocation. For example, it may be
assumed that L, represents the required supporting data rate of
the i”* CE network. A required supporting data rate may
include the difference of the actual traffic load and the data
rate that may be supported, for example by the normal LTE
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band. An actual traffic load may be calculated as a function of
a number of TVBD devices in the CE network, and/or the
applications run by the TVBD devices. Such a channel allo-
cation may be expressed as

m
i 0, L; - Ci(A;
‘Al?gﬁm,;max{ i — Ci(A}

The channel allocations as described herein may be applied
to TDM-based co-channel sharing. In accordance with TDM-
based co-channel sharing, a unit measure of time slot may be
in radio frames (e.g., 10 ms) or sub-frames (e.g., 1 ms). A first
CE network may use a first (e.g., current) radio frame or
sub-frame, while a second CE network may use a second
(e.g., next) radio frame or sub-frame. The CEs of the first and
second sharing CE networks may be synchronized. Synchro-
nization between the CEs may be coordinated by the CM, for
example. A synchronization operation may take place peri-
odically. A synchronization frequency may depend on clock
shift conditions associated with the CEs. The first and second
neighboring CEs may set guard times such that the interfer-
ence caused by inaccurate synchronization may be reduced or
avoided.

When multiple CE networks share a channel, interference
among the CE networks may be managed. To illustrate,
denote a transmission power of the i CE network as T,, and
denote an interference level that the i CE network may
tolerate as Thre,. Individual transmission power may be in
accordance with one or more regulations (e.g., an FCC rule).
Based on the respective transmission powers of the CE net-
works and/or relative distances between the CE networks, an
average interference R, at the i CE network, for example that
is received from its neighbor CE networks, may be calculated.
The average interference may be calculated as a function of
(T, d, ;s j=1), where d, , may denote a distance between the i
CE network and the j** CE network.

Power may be allocated such that the sum-capacity of the
CE networks may be as large as possible (e.g., maximized).
Such power allocation may be expressed as

max
(T, Tp)is.

S
i=1

Ri(T ... Tin)<Thre;

The parameter T, may contribute to the capacity formula, in
terms of SINR.

Power may be allocated based on a network requirement.
For example, such power allocation may be expressed as

m
min > max{0, L - C(TH}
(T Tkist. 4=

Ri(T( ... Tin)<Thre;

One or more of information pertaining to a transmission
power, a required supporting data rate of a CE network,
and/or a distance between two CE networks, may be stored,
for example in a coexistence database of an operator. Infor-
mation pertaining to an interference-noise power and/or a
tolerant interference level threshold may be transmitted from
CE to CM, for example upon request.
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A CM may select a co-channel sharing implementation
based on a network capability. For example, a CM may select
a sharing implementation that is supported by one or more
associated CE networks. Respective complexities of one or
more co-channel sharing implementations may be weighed
during selection of a co-channel sharing implementation. For
example, a TDM-based co-channel sharing implementation
may be more complex than one or more other co-channel
sharing implementations, as it may involve synchronization
signals between networks. Respective performance degrada-
tions that may result from one or more co-channel sharing
implementations may be considered during selection of a
co-channel sharing implementation.

Multiple CMs may negotiate channel usage. For example,
a first CM may receive a spectrum request from an associated
CE that may impact a second neighbor CM. The first CM may
initiate a negotiation procedure with the second CM. The first
CM may be associated with a first operator and the second
CM may be associated with a second operator. Such negotia-
tion may be referred to as inter-operator negotiation. The
negotiation may effectively be between the first and second
network operators.

Upon negotiation, one network may fully occupy the chan-
nel, while one or more other networks may evacuate the
channel. The network that exclusively occupies the channel
may be determined based on one or more rules (e.g., rules that
may be established by a regulator or a standards body).

Individual channel assignment may be allocated in accor-
dance with a first come first served rule. For example, a
network that first occupies a channel (e.g., a TVWS channel)
may win a contention for the channel. A maximum allocation
duration and/or a number of channels that a CE network may
use at the same time may follow one or more policies and/or
rules (e.g., rules that may be established by a regulator or a
standards body).

Individual channel assignment may be based on network
requirements. For example, a network that supports a highest
number of TVBD devices, compared to one or more other
networks, may occupy the channel. In another example, a
network with a highest QoS requirement, compared to one or
more other networks, may occupy the channel.

Individual channel assignment may be token based. For
example, it may be assumed that each one of multiple network
possess a number of tokens. The tokens may be acquired from
a third party, for example. An amount of tokens received may
depend on network situations, for example. A network that
occupies a channel (e.g., a TVWS channel) may evacuate the
channel for another network in exchange for one or more
tokens.

Individual channel assignment may be based on historical
usage of one or more channels (e.g., a TVWS channel). The
history of channel usage may be exchanged between one or
more CMs (e.g., neighboring CMs) during a negotiation pro-
cess. If the historical data indicates that an inquiring CM uses
a channel more often than does one or more other CMs, a CM
that presently occupies the TVW channel may remain on the
channel. If the historical data indicates the inquiring CM uses
the channel less often than does a second CM that presently
occupies the channel, then the inquiring CM may occupy the
channel.

Individual channel assignment may be based on a bidding
process. For example, a highest bidder may be assigned
access to a channel. For example, a first operator may offer a
first bid of up to a certain dollar amount Y for access to a
channel. A second operator may offer a second bid of up to an
inferior dollar amount Z for access to the channel. Each bid
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may be increased by an amount X, for example. The auction
may be settled by a bid of Z+X, for example.

A channel assignment decision may take effect immedi-
ately, or substantially immediately, after the negotiation, or
may take effect upon expiration of a predetermined delay
period.

Negotiation messages exchanged between the CMs may
have different content in accordance with different imple-
mentations. For example, negation messages may include
information indicating respective numbers of TVBDs in the
networks, respective QoS requirements of the networks, and/
or respective numbers of tokens transferred, etc.

Upon negotiation, more than one network may share a
common channel, for example in accordance with a co-chan-
nel sharing implementation. Co-channel sharing may be
implemented in accordance with TDM, FDM, and/or inter-
ference management. A CM may select a co-channel sharing
implementation based on one or more of feasibility, complex-
ity and performance of the implementation. In accordance
time division based sharing, one or more networks associated
with the CMs may occupy a channel (e.g., a TVWS channel)
during different time slots. In accordance with frequency
division based sharing, one or more networks associated with
the CMs may occupy different sub-channels of a channel
(e.g., a TVWS channel). Advanced frequency sharing (e.g.,
fractional frequency reuse) may be implemented. For inter-
ference management based sharing, one or more neighboring
networks may restrict corresponding transmission powers
such that co-channel interference between them may be
below a threshold level. The interference threshold level may
be determined in accordance with a rule (e.g., a regulatory
rule), may be RAT-dependent, etc.

FDM-based co-channel sharing may be implemented. For
example, a first CE network may negotiate with a second CE
network for channel resources that the second CE network
currently occupies. The channel resources that the second CE
network occupies may include sub-channels {SC , ..., SC, }.
To illustrate, let A, denote the sub-channels that the first CE
network hopes to obtain. Let C,(A,) denote a first capacity or
throughput that first CE network may achieve by using the
sub-channels in A, . Let C, (A;) denote a second capacity or
throughput that the second CE network may retain by sacri-
ficing the sub-channels in A;. It may be assumed that [,, i=1,
2, may be a supporting data rate of CE network i.

If, for example, the first CE network has loose cost con-
straints, the first CE network may propose to obtain sub-
channels A, such that the first CE network may achieve a
largest data rate while keeping the second CE network above
aspecified (e.g., required) data rate of the second CE network.
Such co-channel sharing may be expressed as

argmax Cj(A;)
ALLCo(AD>Ly

A cost of obtaining each sub-channel may be the same or
substantially the same. For example, a number of tokens it
may take for obtaining each sub-channel may be the same or
substantially the same. In such an example, the first CE net-
work may identify a set of sub-channels such that both the
first and second CE networks may achieve respective speci-
fied (e.g., required) data rates, and such that the first CE
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network may pay the least cost. Such co-channel sharing may
be expressed as

argmax
Ap:CL(AD>Ly, Co A= Ly

[Arl

Interference management-based co-channel sharing may
be implemented. To illustrate, let T, and T, denote respective
proposed transmission powers of the first and second CE
networks. Let C, (T4, T,) denote a capacity or throughput that
a CE network i may achieve under a given power level. If the
first CE network has loose cost constraints, the first CE net-
work may propose to obtain a largest allowed transmission
power while keeping the second CE network above a speci-
fied (e.g., required) data rate. Such co-channel sharing
scheme may be expressed as

argmax Ty
T1,Ta: Co(Ty Tp)>Ly

A cost of obtaining one or more sub-channels may be the
same or substantially the same. For example, a number of
tokens it may take for obtaining one or more sub-channels
may be the same or substantially the same. The first CE
network may identify a transmission power such that both the
first and second CE networks may achieve respective speci-
fied (e.g., required) rates, and such that the first CE network
pays the least cost. Such co-channel sharing may be
expressed as

argmax T

Ty, Tp: CL Ty, Ta)>Ly, Co (T, Ta oLy

A CE may include a coexistence interface with a CM such
that one or more TVBD networks may benefit from the coex-
istence management service. The CE may register with a CM.
The CM may register the CE in a TVWS database on behalf
of the CE, for example to comply with one or more regula-
tions (e.g., FCC regulations). Upon registration, the CM may
receive coexistence information from the TVBD. For
example, the CM may receive information indicating net-
work capabilities, resource needs and/or radio environment,
etc. The CE may process the information and/or may deliver
a subset to an associated serving CM.

The CE may inform the CM of a network update. A net-
work update may include one or more TVBD devices enter-
ing the network, one or more TVBD devices exiting the
network, changes of one or more properties of the network
such as a location change or a transmit power change of the
CE, anetwork QoS requirement change, one or more changes
on the network radio environment, and/or the network vacat-
ing one or more channels (e.g., one or more TVWS channels).

The CE may send a spectrum request and/or a spectrum
adjustment message to the CM. For example, the CE may
receive a TVWS service request from one or more associated
TVBD devices. The spectrum request from the CE may be
triggered by various factors. The triggering factors may be
initiated by CE itself, and/or by one or more TVBD devices.
Example CE initiated factors may include, a detection of
network degradation such as congestion or high retransmis-
sion, an increased buffer occupancy for downlink, and/or a
TVBD device at a cell edge with a restricted increase of
licensed cell power. Example TVBD device initiated factors
may include, a TVBD device detecting a need for higher
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bandwidth (e.g., starting high QoS application, high size of
uplink buffer), and/or a TVBD device being interfered with in
one or more licensed bands.

A CE may receive current spectrum usage information
from an associated serving CM. The CE may pass the spec-
trum usage information to a CE network (e.g., a TVBD net-
work device, such as a HeNB), such that the CE network may
perform a spectrum allocation decision. Once the CE receives
a spectrum decision from the CE network, the CE may send
the spectrum decision to the serving CM. The CE may receive
a co-channel sharing notice from the CM and may inform the
CE network of the co-channel sharing notice.

FIG. 6 illustrates an example CE management service pro-
cedure 600. As shown, at 602 a CE may send a registration
request to an associated CM. This operation may be the same
as operation 402 illustrated in FIG. 4, for example.

At 604, the CE may receive a network update from a device
(e.g.,a TVBD device, such as an HeNB) that participates in a
corresponding CE network (e.g., a TVBD network) associ-
ated with the CE. At 606, the CE may collect information
pertaining to the TVBD device that may include one or more
network capabilities of the TVBD device, one or more char-
acteristics ofthe TVBD device, and/or a radio environment of
the TVBD device, for example. At 608, the CE may process
such information provided by the TVBD device and may
provide the information to an associated CM. The CM may
store or update an associated operator coexistence database,
for example based on the collected TVBD device informa-
tion.

At 610, the CE may receive a spectrum request from a CE
network (e.g., a TVBD network device, such as a HeNB). At
612, the CE may forward the spectrum request to the CM. At
614, after receiving a list of available channels from the CM,
the CE may forward the list of available channels to the CE
network. The CE network may rank the channels on the list.
At 616, the CE may receive the ranked list of available chan-
nels and may forward the ranked list to the CM. At 618, the
CE may receive the spectrum decisions from CM, and at 620
the CE may configure operation of the CE network accord-
ingly.

At 622, the CE may separately receive a spectrum alloca-
tion update from the CM. The CE may receive spectrum
allocation without first sending a spectrum request. For
example, the CE may receive spectrum allocation based on
coordination and negotiation efforts of the CM. At 620, the
CE may configure operation of the CE network in accordance
with the received spectrum allocation update from the CM.

It should be appreciated that the illustrated operations of
the example CE management service procedure 600 need not
be illustrated in numerical order, and that less than all of the
operations may be executed. For example, the example CE
management service procedure 600 may include the execu-
tion of one or more of 604 to 608, 610 to 620, and 622 with
620, for example.

Two or more CMs may negotiate channel resource alloca-
tion based on tokens. The CMs may negotiate channel
resource allocation using a process similar to a spectrum
auction. Two or more negotiating CMs may evaluate the
channel resources individually. For example, a first CM may
prioritize reliability, while another CMs may prioritize peak
data rate, etc.

The channel resources may be allocated to a CM that bids
the most tokens during the negotiation. Tokens may be con-
sidered as a digital currency. A monetary value of tokens may
be negotiated among the CMs. For example, a token may be
exchanged for 0.01 USD. The winner of the bidding process
may distribute the tokens among the other competing devices.
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For example, the tokens may be evenly distributed between
the bidders. For example, the tokens may be distributed pro-
portionally such that the higher bidders may receive more
tokens. The highest bidder may give one or more tokens to the
second highest bidder. The highest bidder may give one or
more tokens to a current occupier of the channel. Tokens may
be collected by a third party CM that may be responsible for
paying the owner of the channel resources, for example in
accordance with an exchange rate. Tokens may be collected
by a master CM that may be responsible for paying the owner
of the channel resources, for example in accordance with an
exchange rate.

Channel resource allocation may be negotiated via a nego-
tiation based auction. FIG. 7 illustrates an example negotia-
tion-based auction between a first CM 702 and a second CM
704. A negotiation based interface may be provided. In the
illustrated example negotiation, the first and second CMs 702,
704 may be located in the same region and may make one or
more bids for a slot such as time, frequency and/or location.
The second CM 704 may be using the channel and the first
CM 702 may submit a spectrum request on behalf of an
associated TVBD.

A number of bids may come in the form of spectrum
proposals 706, 708, and 710. Each spectrum proposal may
contain a field reserved for the number of tokens. One or both
of'the first and second CMs 702, 704 may be given the option
to bid a larger number of tokens, or provide a spectrum
proposal response. If a wining CM accepts a spectrum pro-
posal response, a losing CM may, for example, withdraw
from the channel during the proposed slot. In the illustrated
example, the first CM 702 may submit a first spectrum pro-
posal 706 with a first token bid. The second CM 704 may
respond by submitting a second spectrum proposal 708 with
a second token bid that is greater than the first token bid. The
first CM 702 may respond by submitting a third spectrum
proposal 710 with a third token bid that is greater than the
third token bid. The second CM 704 may, responsive to the
third spectrum proposal 710, submit a spectrum proposal
response 712, and may evacuate an associated TVBD from
the channel. The first CM 702 may then allocate the channel
to an associated TVBD.

One or more operators may bid for a next available time
slot. There may be a time limit on reservations. Each succes-
sive bid may be for a greater number of tokens than that of the
previous bid.

Two devices, such as the first and second CMs 702, 704,
may share the channel. A spectrum proposal may include a
share flag indicating that the device may be willing to share
the channel (e.g., with reduced transmission power).

One or more bid collisions may occur, for example if bids
are sent from multiple CMs at the same time. An auction
server may be used to determine which CM placed the bid
first. An associated CDIS may determine a priority of the bids.
A CM that currently occupies the channel may deal with
negotiation (e.g., exclusively).

A channel resource allocation may be negotiated via a
silent auction. The silent auction may be encrypted. One or
more CMs may submit respective token bids for a slot (e.g., in
time, frequency, and/or location), without knowledge of the
bids from other CMs. A highest bidder may occupy the chan-
nel and may distribute tokens accordingly. In the event of a
tie, a winner may be selected (e.g., randomly) between the
highest bidders.

In a Nash equilibrium, a bidder who values the channel the
most may win the channel. For example, it may be in the best
interest of each operator to bid their proper valuation of a slot



US 9,253,778 B2

23

at a given time, for example to improve transmission effi-
ciency (e.g., increase available transmission bandwidth).

One or more of a minimum bid increment, a minimum bid,
and/or a maximum bid may be implemented. A device may
bid 0 tokens, such that the device may occupy the spectrum in
an absence of other contenders. A CM may encrypt its bid
before sending the bid to a neighboring CM. A decryption key
may be distributed, for example after the encrypted bids are
received.

A management service based coexistence system may pro-
vide a full spectrum solution to one or more CE networks. The
system may coordinate channel usage (e.g., TVWS channel
usage) with one or more other CE networks belonging to the
same operator, for example.

A coexistence discovery and information server (CDIS)
may provide spectrum allocation for the CE networks. For
example, a CDIS may include a database for storing neighbor
discovery information and/or channel usage information. A
CDIS, such as an advanced CDIS, may be used by a CM to
reserve a channel. A CDIS, such as a smart CDIS, may
include one or more functions of an advanced CDIS, and may
make coexistence management decisions.

A CM may maintain an operator coexistence database,
may update a CDIS and a TVWS database about one or more
networks within the operator, may obtain TVWS usage infor-
mation from a CDIS, may reserve channel resource informa-
tion (e.g., TVWS channel resource information) at a CDIS,
may allocate TVWS resources to one or more CE networks
within the operator, and/or may coordinate TVWS usage
between multiple CE networks within the operator.

One or more CMs may communicate with each other via
the CDIS (e.g., may communicate indirectly with each other,
via the CDIS). One or more associated CE networks may
function, for example, as described with respect to the
example of direct CM to CM communication.

A CDIS may perform one or more discovery operations
and may include channel usage information (e.g., TVWS
channel usage information). A CM may reserve a number of
channel resources, for example by populating an associated
CDIS with information about an occupying CE network. This
type of CDIS may be referred to herein as an advanced CDIS.
An advanced CDIS that may be capable of making coexist-
ence management decisions may be referred to herein as a
smart CDIS.

CE network information may include a geo-location of the
CE network, a Tx power class and/or a Tx antenna height, an
identification address of the CE network, a radio technology
used in the CE network, a coverage area of the network,
and/or operator information, for example.

TVWS channel usage information may include one or
more channels (e.g., TVWS channels) that are reserved by
one or more networks, and/or one or more lengths of time for
which respective TVWS channels will be occupied by the one
or more networks. FIG. 8 shows example TVWS resource
usage information 800 at a certain location. As shown, chan-
nels 1, 3 and N may be reserved by a CE network with address
z from time slot t0 to time slot 3.

In the case of co-channel sharing, a CM may reserve a
portion of a channel resource, while leaving a remaining
portion of the channel resource for the use of one or more
other CMs. For example, a channel may be partitioned into
sub-channels, and a CM may reserve a portion of the sub-
channels. Each time block may be partitioned to sub-blocks,
for example, and a CM may reserve a portion of the sub-
blocks.

A CDIS may provide TVWS channel usage information to
one or more CMs, for example based on respective locations
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and/or respective channel usage periods of the one or more
CMs. The CDIS may be considered as a white board with
three dimensional tables, with time, frequency (or channel),
and location being the dimensions. In a specific location, the
TVWS channel usage information may be represented in two
dimensional tables, with time and channel being the dimen-
sions. The CDIS may partition a time line into small units, and
each coordinate set (e.g., time unit, channel) may be set as a
single resource block. A CM may check the fullness of one or
more resource blocks at a given location. If there is an empty
resource block, the CM may reserve it, which may prevent
other CMs from using the resource block.

An operator coexistence database may store channel usage
information (e.g., TVWS channel usage information) that
may be associated with one or more secondary networks
within a network of an operator. A CE may collect informa-
tion on network capabilities and/or resource needs. The CE
may provide the information to the CM. The CE may forward
the spectrum usage information from the CM to one or more
CE networks, and may forward processed spectrum informa-
tion back to the CM. After receiving the resource allocation
decisions from the CM, the CE may configure operation of
the one or more CE networks accordingly.

A first come first serve rule may be implemented. A CM
may reserve a channel resource block (e.g., a TVWS channel
resource block) if the block has not been reserved. One or
more other rules (e.g., an FCC rule for FCC certified devices)
that may take factors such as fairness among CMs into
account, may be implemented for channel reservation.

One or more limitations may be imposed on reservations
from a CM. For example, a number of channels (e.g., TVWS
channels) to be reserved, and/or respective durations of each
reservation may be limited to a predetermined value. Such
limitations may prevent a CE network from occupying a
channel too long, such that other CE networks may not access
the resource. In accordance with a limitation on each channel
reservation, a CM may reserve a channel (e.g., a TVWS
channel) consecutively to continuously use a channel.

A presently occupying first CE network may be prohibited
from making a second channel reservation and/or a channel
renewal, for example until an end of the current channel
occupation, such that the channel may be available to one or
more other CE networks. In other words, one or more other
CE networks may reserve the channel at any time during the
occupation period of the first CE network. This limitation
may prevent a CE network from reserving a channel resource
when the CE network may not need it, for example when the
CE network may continue to operate effectively without the
addition of the channel resource. The reservation of the cur-
rent unused channel resource may affect a future channel
reservation that may be useful to a CE network. Some CE
networks may reserve more channel resources than other CE
networks, for example based on respective network situations
of the CE networks (e.g., the number of TVBDs in the net-
work, a QoS requirement of the network, and/or a number of
token the network is willing to pay, etc.).

A CDIS, such as a smart CDIS, may function like a coor-
dinator to resolve coexistence issues raised by one or more
different operators. FIG. 9 illustrates an example procedure
900 that may be performed by a smart CDIS. At 902, the
CDIS may receive a CDIS spectrum reservation from an
associated CM. When the CDIS receives the spectrum reser-
vation message, the CDIS may, at 904, determine whether the
reservation affects the reservations of one or more other CMs.
If there is no conflict, the CDIS may, at 906, grant the reser-
vation and may send a CDIS spectrum reservation response
message to the requesting CM.
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The new reservation may affect an existing reservation. For
example, two or more neighboring CE networks may want to
use the same channel (e.g., TVWS channel). The CDIS may
determine how co-channel sharing may be achieved. For
example, the CDIS may check to see if both CE networks
support the co-channel sharing usage (at 908); may check if
there is a common co-channel sharing method supported by
both networks (at 910); may check if there is a partition of the
channel resource that may satisty both networks (at 912);
and/or may check whether a compensation resulting from the
co-channel sharing decision is acceptable to both networks
(at 914).

If the answers to the above questions at 908, 910, 912, and
914 are positive, the CDIS may schedule a co-channel sharing
usage. At 916, the CDIS may grant one or more different
portions of the channel resources to corresponding different
CE networks. If one or more of the answers to the above
questions at 908, 910, 912, and 914 is negative the CDIS may
schedule an exclusive channel usage. At 918, the CDIS may
determine which CE network may occupy the channel. For
example, the CDIS may base the determination on which
network reserved earlier, which network has higher QoS
requirements, which network has more TVBD devices, and/
or which network may be willing to pay more tokens for the
resource, or the like. After the CDIS makes the decision, the
CDIS may, at 920, inform the involved networks, for example
by sending respective CDIS spectrum reservation response
messages.

An operator coexistence database implemented in a coex-
istence management service system having an advanced
CDIS or a smart CDIS, may function the same or substan-
tially the same, for example, as described herein with respect
to a coexistence management service with CM communica-
tion.

A coexistence manager in a coexistence management ser-
vice system may function differently, for example depending
on the functionality of an associated CDIS. For example,
when using an advanced CDIS, the CM may be responsible
for making spectrum allocation decisions. When using a
smart CDIS to make a spectrum allocation decision, the CM
may not be responsible for making spectrum allocation deci-
sions.

FIG. 10 illustrates an example CM procedure 1000 for a
coexistence management service system with an advanced
CDIS. When a CE is capable of operating in a band (e.g., a
TVWS band), the CE may, at 1002 send a registration request
to the CM. In this registration, the CM may collect network
information pertaining to the CE, such as a network ID,
network administrator contact information, information per-
taining to one or more TVBDs within the CE (e.g., respective
device IDs, respective device types, respective device serial
numbers, a location, a transmission antenna height, etc.). At
1004, the CM may store such information in an operator
coexistence database.

At1006, the CM may register one or more CE networks by
providing certain TVBD information that may include, for
example, a device ID, a device type, a serial number, a device
location, contact information, etc.

After the registration process is completed, the CM may
acquire, from the TVWS database at 1008, TVWS usage
information that may be related to one or more primary users
within respective coverage areas of one or more activated CE
networks associated with a core network. The TVWS data-
base information download 1008 may occur periodically, for
example every day. The download frequency may be speci-
fied in a policy, for example in accordance with FCC rules.
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At 1010, the CM may register one or more CE networks to
the CDIS, for example by providing certain CE network
information that may include, for example, a network loca-
tion, a network coverage area, network operator contact infor-
mation, etc. The CM may provide channel usage information
(e.g., TVWS channel usage information) to the CDIS.

At 1012, the CM may receive CE a network update, for
example from a CE. At 1014, the CM may update the operator
coexistence database based on the CE network update. At
1016, the CM may update the TVWS database and/or the
CDIS based on the CE network update. For example, when
the location of a Mode II TVBD device (e.g., a HeNB)
changes, the CM may update the TVWS database and the
CDIS.

At 1018, the CM may receive a spectrum request or spec-
trum adjustment, for example from an associated CE network
(via its associated CE). At 1020, 1022, and/or 1024, respec-
tively, the CM may, depending on the CE network location,
check the downloaded TVWS database, the operator coexist-
ence database, and/or the CDIS, for example to determine if
there is an available channel in the location.

At 1026, the CM may collect the information and may
summarize a list of available channels. The CM may send the
list of available channels to the CE. The list may be ranked by
the CM. The CE may rank the available channels, for example
using information available at the CE. The rank may depend,
for example, on the local radio environment. At 1028, the CM
may receive the ranked available channels from the CE. At
1030, the CM may make a spectrum allocation decision for
the requesting CE network and may indicate the reservation
of the one or more channels (e.g., TVWS channels) in the
CDIS. For an exclusive channel allocation, the channel res-
ervation may be channel based. For a co-channel sharing
allocation, the reservation may be sub-channel or resource
block based, for example.

At 1032, the CM may inform the spectrum allocation deci-
sion to the requesting CE network. At 1034, the CM may
update the operator coexistence database for this allocation.
The final spectrum allocation may affect channel resource
usage among one or more CEs within the same operator. For
example, the CM may sacrifice part of the TVWS channel
resources of one CE for another CE within the same operator.
If there is a TVWS channel assignment change within an
operator network, for example, the CM may update the CDIS
at1034.

It should be appreciated that the illustrated operations of
the example CM procedure 1000 need not be illustrated in
numerical order, and that less than all of the operations may
be executed. For example, the example CM procedure 1000
may include the execution of one or more of 1002 to 1010,
1012 to 1016, 1018 to 1034, and 1008, for example.

Multiple decision-making and/or channel reservation algo-
rithms, and/or one or more policies may be provided. FIG. 11
illustrates an example CM channel reservation decision mak-
ing procedure 1100. At 1102, the CM may receive a spectrum
request, for example from an associated CE. At 1104, the CM
may, depending on a network location and/or capability of the
requesting CE, check one or more of a downloaded database
(e.g.,aTVWS database), channel usage (e.g., TVWS channel
usage) of one or more neighbor CMs, and an operator coex-
istence database, for one or more available channels in that
location.

At 1106, the CM may determine whether a channel is
available. If there are one or more available channels, the CM
may, at 1108, send a list of the one or more available channels
to the requesting CE. At 1110, the CM may, based on feed-
back received from the requesting CE that pertains to the
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ranked list of available channels on, assign an available chan-
nel resource (e.g., an available TVWS channel) to the request-
ing CE.

At 1112, if the CM determines that there is no available
channel, the CM may determine whether a neighbor TVBD
network of the same operator may release one or more chan-
nel resources (e.g., TVWS channel resources). If a neighbor
TVBD network of the same operator may release one or more
channel resources, the CM may request that the neighbor
TVBD network to release the channel resource at 1114, and
may assign the channel resources to the requesting CE at
1116.

If the CM determines that no neighbor TVBD network of
the same operator may release one or more channel resources,
the CM may, at 1118, determine whether a neighbor CM may
release one or more channel resources (e.g., TVWS channel
resources). If a neighbor CM may release one or more chan-
nel resources, the CM may negotiate with the neighbor CM
for the channel resources at 1120, and may assign the channel
resources to the requesting CE at 1122.

Ifthe CM determines that there is no available channel, that
no neighbor TVBD network of the same operator may release
one or more channel resources, and/or that no neighbor CM
may release one or more channel resources, the CM may, at
1124, reject the spectrum request.

It should be appreciated that the illustrated operations of
the example CM channel reservation decision making proce-
dure 1100 need not be illustrated in numerical order, and that
less than all of the operations may be executed.

A CM may be configured to be compatible with a smart
CDIS. FIG. 12 illustrates an example CM management ser-
vice procedure 1200 with a smart CDIS. When a CE is
capable of operating in a band (e.g., a TVWS band), the CE
may, at 1202 send a registration request to the CM. In this
registration, the CM may collect network information per-
taining to the CE, such as a network ID, network administra-
tor contact information, information pertaining to one or
more TVBDs within the CE (e.g., respective device 1Ds,
respective device types, respective device serial numbers, a
location, a transmission antenna height, etc.). At 1204, the
CM may store such information in an operator coexistence
database.

At 1206, the CM may register one or more CE networks,
with one or more fixed or Mode II TVBDs (e.g., a HeNB), to
the TVWS database, by providing certain TVBD information
that may include, for example, a device ID, a device type, a
serial number, a device location, contact information, etc.

After the registration process is completed, the CM may
acquire, from the TVWS database at 1208, TVWS usage
information that may be related to one or more primary users
within respective coverage areas of one or more activated CE
networks associated with a core network. The TVWS data-
base information download 1208 may occur periodically, for
example every day. The download frequency may be speci-
fied in a policy, for example in accordance with FCC rules.

At1210, the CM may register one or more CE networks to
the CDIS, for example by providing certain CE network
information that may include, for example, a network loca-
tion, a network coverage area, network operator contact infor-
mation, etc. The CM may provide channel usage information
(e.g., TVWS channel usage information) to the CDIS.

At 1212, the CM may receive CE a network update, for
example from a CE. At 1214, the CM may update the operator
coexistence database based on the CE network update. At
1216, the CM may update the TVWS database and/or the
CDIS based on the CE network update. For example, when

30

40

45

28
the location of a Mode II TVBD device (e.g., a HeNB)
changes, the CM may update the TVWS database and the
CDIS.

At 1218, the CM may receive a spectrum request or spec-
trum adjustment, for example from an associated CE network
(via its associated CE). At 1220, 1222, and/or 1224, respec-
tively, the CM may, depending on the CE network location,
check the downloaded TVWS database, the operator coexist-
ence database, and/or the CDIS, for example to determine if
there is an available channel in the location.

At 1226, the CM may collect the information and may
summarize a list of available channels. The CM may send the
list of available channels to the CE. The CE may rank the
available channels. The rank may depend, for example, on the
local radio environment. At 1228, the CM may receive the
ranked available channels from the CE. At 1230, the CM may
make a spectrum allocation decision for the requesting CE
network and may indicate the reservation of the one or more
channels (e.g., TVWS channels) in the CDIS. For an exclu-
sive channel allocation, the channel reservation may be chan-
nel based. For a co-channel sharing allocation, the reservation
may be sub-channel or resource block based, for example.

At 1232, the CM may inform the spectrum allocation deci-
sion to the requesting CE network. At 1234, the CM may
update the operator coexistence database for this allocation.
The final spectrum allocation may affect channel resource
usage among one or more CEs within the same operator. For
example, the CM may sacrifice part of the TVWS channel
resources of one CE for another CE within the same operator.
If there is a TVWS channel assignment change within an
operator network, for example, the CM may update the CDIS
at1234.

At 1236, the CM may respond to a co-channel sharing
request from an associated smart CDIS. If a CM receives a
co-channel sharing request from CDIS, the CM may let one or
more involved CEs follow the request. At 1238, the CM may
adjust respective spectrum allocations to one or more
involved CEs, for example in accordance with the request
from the smart CDIS. At 1240, the CM may update the opera-
tor coexistence database accordingly.

It should be appreciated that the illustrated operations of
the example CM procedure 1200 need not be illustrated in
numerical order, and that less than all of the operations may
be executed. For example, the example CM procedure 1200
may include the execution of one or more of 1202 to 1210,
1212 to 1216, 1218 to 1234, 1236 to 1240, and 1208, for
example.

One or more CEs implemented in a coexistence manage-
ment service system having an advanced CDIS or a smart
CDIS, may function the same or substantially the same, for
example, as described herein with respect to a coexistence
management service with CM communication.

Co-channel sharing may be facilitated via an advanced
CDIS. To handle a region with heavy traffic or scarce channel
resources, multiple CE networks may share one or more
channels (e.g., TVWS channels). For example, one or more
CE networks may share a channel via TDM, FDM, interfer-
ence management, and/or token-based sharing.

For example, one or more CE networks may share channels
(e.g., TVWS channels) via TDM with a channel time limit.
An associated CDIS may act as a three dimensional white-
board, with channel, time, and location being the coordinates.
An entry in the CDIS may include information indicating one
ormore occupying CE network IDs, a reservation time frame,
and/or one or more queued CE network IDs. One or more
CMs may reserve timeslots on a first come first serve basis,
reserving a channel for a specified (e.g., maximum) amount
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of time (e.g., 5 minutes). One or more additional CMs may
wait in a queue if they request the same channel.

One or more CE networks may share channels (e.g.,
TVWS channels) via FDM with channel subdividing, for
example. An associated CDIS may act as a three dimensional
whiteboard, with channel, time, and location being the coor-
dinates. An entry in the CDIS may include information indi-
cating one or more occupying CE network IDs, a reservation
time frame, a subdivision flag and/or a sub-channel array. A
sub-channel array may include one or more occupying CE
network IDs and a corresponding reservation timeframe. The
CDIS may turn on a subdivision flag, for example if there are
multiple CMs requesting the same channel. One or more CMs
may reserve the sub-channels.

One or more CE networks may share channels (e.g.,
TVWS channels) via interference management. One or more
CMs may reserve a channel and may use the channel provided
they do not interfere with one or more TVBDs using the
channel. One or more CMs may avoid interfering by reducing
respective Tx powers, using spatial multiplexing (e.g., MIMO
beam forming, sectoring), etc., for example. An associated
CDIS may act as a three dimensional whiteboard, with chan-
nel, time, and location being the coordinates. An entry in the
CDIS may include information indicating an occupying CE
network 1D, a power allocated, an interference report, a res-
ervation timeframe, one or more additional CE network IDs,
one or more additional power allocations, and/or one or more
additional interference reports. Devices using the channel
may periodically report their interference levels to the CDIS,
such that other devices may make decisions.

One or more CE networks may share channels (e.g.,
TVWS channels) via regenerating tokens. An associated
CDIS may periodically distribute tokens to one or more CMs
based on, for example, a number of users the CM has and/or
respective QoS associated with the one or more CMs. The one
or more CMs may use the tokens to bid on timeslots. An
associated CDIS may act as a three dimensional whiteboard,
with channel, time, and location being the coordinates. An
entry in the CDIS may include information indicating an
occupying CE network 1D, a reservation timeframe, informa-
tion pertaining to one or more queued CMs, one or more CE
network IDs, and/or one or more token bids.

Co-channel sharing may be achieved by one or more earlier
CMs reserving only a portion of the channel resources, while
one or more later CMs use a remaining portion of the channel
resources. The one or more earlier CMs may not use the full
channel resource even if there are no other CMs sharing the
same channel. Co-channel sharing may be dynamically
changed. A first CM may use the full channel resource at the
reservation. If another, second CM wants to share the channel
resource with the first CM, the first CM may release partial
channel resources.

One or more co-channel sharing operations may be coor-
dinated by a smart CDIS. The smart CDIS may make channel
resource allocation decisions for conflicting CMs. A channel
resource allocation decision making procedure may be imple-
mented by a third party.

A CDIS may include information on networks served by
one or more associated CMs, for example the number of
TVBDs in a CE network, the QoS requirement of the CE
network, or the like. This information may be summarized to
a coexistence value. The CDIS may make coordination deci-
sions based on respective CM coexistence values, for
example.

Two or more CMs may reserve a channel resource by
providing tokens. For example, the two or more CMs may
reserve a channel resource using a process similar to a spec-
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trum auction process. Different CMs may evaluate the chan-
nel resources in respective different ways. For example, some
CMs may prioritize reliability, while other CMs may priori-
tize peak data rate, etc.

A winner of abidding process may distribute tokens among
the competing devices. For example, the tokens may be
evenly distributed between the bidders. The tokens may be
distributed proportionally such that the higher bidders may
receive more tokens. The highest bidder may give tokens to
the second highest bidder. The highest bidder may give one or
more tokens to a current holder of the channel.

Two or more CMs may reserve channel resource via a
standard auction and/or via a silent auction. In a standard
auction, two or more CMs may bid for the same slot (e.g., in
time, frequency, and/or location). A first CM to bid any num-
ber of tokens may receive and may hold a title of highest
bidder. One or more other CMs may have the option to place
a higher bid and may become the highest bidder. If a CM
holds the title of highest bidder for a predetermined period of
time, that CM may be declared the winner.

FIG. 13 illustrates an example process 1300 for a CDIS
based auction for resolving bid collision. The winner CM
may transmit during the contended slot and may pay tokens to
one or more of the other contending CMs.

The CMs may bid for a slot (e.g., time, frequency, and/or
location) by sending a CDIS Spectrum Reservation message
to the CDIS. The CDIS may relay the highest bidder infor-
mation for each round to the other competing CMs. Inthe case
of'two equal bids arriving in a short timeframe, the CDIS may
determine the priority of the competing CMs based on which
reached the CDIS first.

In the illustrated example negotiation, bidding takes place
between a first CM 1302, a second CM 1304, and a third CM
1306. The bidding process may be moderated by the CDIS
1308. An initial bid 1310 for a slot may be sent by the second
CM 1304 to the CDIS 1308. The CDIS 1308 may communi-
cate indications of the first bid 1310 to the first, second, and
third CMs 1302, 1304, and 1306. The third CM 1306 may
submit a second bid 1312 to the CDIS 1308 and the first CM
1302 may submit a second bid 1314 to the CDIS 1308.

The second bids 1312 and 1314 may arrive at the CDIS
1308 within a short time frame of each other, and thus may be
considered as colliding bids. The CDIS 1308 may resolve the
bid collision, for example by determining that the second bid
from the third CM 1306 arrived just before that of the first CM
1302, and may communicate indications of the second bid
1312 to the first, second, and third CMs 1302, 1304, and 1306.
The first CM 1302 may submit a third bid 1314. The CDIS
1308 may communicate indications of the third bid 1314 to
the first, second, and third CMs 1302, 1304, and 1306. After
expiration of a predetermined timeout period, if no additional
bids are received at the CDIS 1308, the CDIS 1308 may
communicate indications declaring the first CM 1302 as the
winner to the first, second, and third CMs 1302, 1304, and
1306. The CDIS 1308 may allocate the slot to the first CM
1302.

FIG. 14 illustrates an example process 1400 for a CDIS-
based silent auction. In a silent auction, the CMs may submit
atoken bid for a slot (e.g., intime, frequency, and/or location),
without knowledge of the bids of the other CMs. The highest
bidder may occupy the channel. In the event of a tie, the
winner may be randomly selected between the highest bid-
ders. The silent auction may be encrypted. The CMs may
submit bids in a predetermined time window. Upon expiry of
the time window, the highest bidder may be declared the
winner, and may occupy the contended slot. The CDIS may
send the operators the results of the bidding. The CMs may
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bid for a next available time slot. There may be a reasonable
time limit on reservations. Each bid may be for a greater
number of tokens than the previous bid.

In the illustrated example negotiation, bidding takes place
between a first CM 1402, a second CM 1404, and a third CM
1406. The bidding process may be moderated by the CDIS
1408. The first, second, and third CMs 1402, 1404, and 1406
may submit respective first, second, and third bids 1410,
1412, and 1414. The CDIS 1408 may determine that the first
bid 1410 from the first CM 1402 was the highest bid, and may
communicate indications declaring the first CM 1402 as the
winner to the first, second, and third CMs 1402, 1404, and
1406. The CDIS 1408 may allocate the slot to the first CM
1402.

The highest bidder may pay the number of token in its bid.
For example, a first CM may post a bid of O for a slot. If a
second CM bids 1 token and wins the bid, the first CM may
receive 1 token from the winning second CM.

The highest bidder may pay an amount equal to the second
highest bid. For example, a first CM may post a bid of 0 for a
slot. If a second CM bids 1 token and wins the bid, the first
CM may receive 0 tokens from the winning second CM. Such
a payout may deter CMs from submitting bids for the pur-
poses of gaining tokens from a winning CM rather than occu-
pying the contended slot.

A coexistence management service system may be imple-
mented for licensed bands where a primary user may allocate
atemporary license to use the system (e.g., available licensed
spectrum resources) to one or more competing systems. The
spectrum owner of the licensed band (which may be referred
to as a primary operator) may lease the band for a certain time
period at a certain location. The primary operator may be
associated with a CM that may handle band leasing issues.
The spectrum leasing process may be coordinated by a smart
CDIS, for example.

A licensed band may include a white space band. For
example, a primary operator may include a DTV station,
which may use TV channels as a primary user. When the DTV
station does not broadcast TV signals in a certain time period,
the DTV station may lease one or more TV channels to one or
more systems to use the band (e.g., the one or more TV
channels) with a temporary license. Such a license may grant
exclusive usage during the time period by the licensee system,
and/or may grant partial sharing between multiple licensees.
One or more licensees may be guaranteed to obtain a thresh-
old level of QoS from the band.

FIG. 15 illustrates an example architecture 1500 for imple-
menting licensed shared access (LSA) with CM communica-
tion. The architecture 1500 may include a CDIS 1502 and a
regulator policies and/or spectrum trading rules database
1504. The CDIS 1502 and/or the database 1504 may be
located, for example, in the Internet 110. The architecture
1500 may include an operator node 1506 of a primary opera-
tor that may be selling usage of licensed spectrum. The opera-
tor node 1506 may be configured to operate as a CM, for
example.

The architecture 1500 may include one or more CMs 1508
and one or more LSA databases 1510. One or more of the
LSA databases 1510 may be configured as coexistence data-
bases. Respective ones of the CMs 1508 and the LSA data-
bases 1510 may be associated with the same or different
carriers (e.g., network operators). As shown, the architecture
1500 may include first, second, and third CMs 1508, and first
and second LSA databases 1510.

An example CM management service process is illustrated
using the example architecture 1500. At 1, one or more CMs
1508 may apply to receive LSA broadcast messages from the
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CDIS 1502 that may be indicative of the availability of a
resource in the licensed spectrum (e.g., the LSA spectrum).
The CMs 1508 may apply to receive LSA broadcasts, for
example, by transmitting a message to the CDIS 1502 that is
indicative of a subscription to the broadcasts.

One or more of the CMs 1508 may apply to receive LSA
broadcasts based on one or more criteria and/or preference
parameters that may include, for example, a cost of an avail-
able resource, a frequency band of the available resource,
restrictions imposed on the available resource (e.g., exclusive
usage, shared usage, usage which may be interruptible, etc.),
a geographical location where the available resource may be
used, a duration of the usage, or the like. The CDIS 1502 may
use such criteria and/or preference parameters to filter one or
more broadcasts. For example, the CDIS 1502 may use such
criteria and/or preference parameters to prepare and/or send a
specific (e.g., targeted) broadcast. Recipients of such a broad-
cast may be limited to, for example, one or more CMs whose
criteria match one or more characteristics associated with
available spectrum (e.g., spectrum that becomes available for
use). The CMs 1508 may receive these filtered broadcasts
from the CDIS 1502, for example based on the criteria. One or
more broadcasts may be filtered based upon the criteria and/
or preference parameters.

At 2, the primary operator may communicate with the
CDIS 1502, for example via the operator node 1506, to indi-
cate that the primary operator wishes to sell and/or lease the
usage of an available resource in the licensed spectrum to one
ormore licensees. The operator node 1506 may be configured
as a CM, or as a CM with reduced capabilities, for example.
The primary operator may advertise the available spectrum
(e.g., a band), a time of availability, a minimum cost for
licensing the available spectrum, and/or a location (e.g.,
geography) where exclusive access to the available spectrum
may be allowed, etc. One or more other conditions may be
added to advertising of the available spectrum, such as alist of
allowable operators, a white list of operators, and/or black list
of operators, etc.

The CDIS 1502 may be a node managed and/or controlled
by the regulator. The CDIS 1502 may have access to govern-
ment and/or regulator policies that may define how the
licensed spectrum offered by the primary operator may be
allowed to be re-allocated/shared. The CDIS 1502 may pro-
vide a regulator with a guarantee that such policies may be
complied with when the bandwidth is leased to one or more
other systems.

The CDIS 1502 may function as an LSA controller. At 3,
the CDIS 1502 may check one or more regulator policies
associated with the available spectrum, in order to determine
one or more sharing rules that may be imposed on the avail-
able spectrum. For example, the CDIS 1502 may retrieve such
information from the regulator policies and/or spectrum trad-
ing rules database 1504. An LSA implementation may
assume, for example, that a regulator controls bandwidth
sharing. The CDIS 1502 may include a regulatory entity
and/or may be tied to one or more regulators. The CDIS 1502
may be configured to discover available spectrum that may
offered for access by licensees. The CDIS 1502 may function
to protect a primary operator (e.g., an incumbent), for
example by making sure that use of licensed spectrum by the
licensee does not result in interference to the primary incum-
bent. There may be a single CDIS per country, or multiple
CDISs per country, or multiple countries using one CDIS
with coordination, for example.

At 4, the availability of licensed spectrum, the sharing
rules, a minimum access, and/or communication information
from the primary operator (e.g., how to contact the primary
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operator) may be broadcast to one or more CMs 1508, for
example by the CDIS 1502. The broadcast may be filtered, for
example based on criteria and/or preference parameters sup-
plied by one or more CMs 1508 that may be subscribers to the
broadcasts. The broadcast may include a filtered list of CMs
1508 that the broadcast is directed to.

At 5, one or more CMs 1508 that received the broadcast
and are interested in the available resource in the licensed
spectrum may start a negotiation procedure with the primary
operator to fix, for example, a final cost, an agreement, and/or
sharing conditions. The one or more CMs 1508 may be inter-
ested in the available resource based on respective spectrum
requests from associated CE networks managed by the one or
more CMs 1508. The CMs 1508 may determine whether the
available resource is suitable to fulfill the respective spectrum
requests. In determining whether the available resource is
suitable to fulfill a spectrum request, a CM 1508 may evaluate
one or more characteristics of the available resource, for
example a reliability of the available resource, a peak datarate
that may be achieved using the available resource, etc.

The negotiation for access to the available resource may be
token based, for example as described herein. For example, if
the available resource is suitable to fulfill the respective spec-
trum requests received by one or more CMs 1508, the one or
more CMs 1508 may submit bids for the available resource.

At 6, one or more CMs 1508 may add the available spec-
trum to a local operator coexistence database (e.g., a respec-
tive LSA database 1510). The spectrum may be pooled, in the
coexistence database, with the TVWS spectrum or spectrum
from one or more unlicensed bands. A separate database may
be used for this purpose. A CM 1508 may allow the systems
(e.g., CE networks) it is serving to use an aggregated pool of
bandwidth. The aggregated pool of bandwidth may include
unlicensed spectrum and spectrum that may be controlled
under an LSA license implementation.

At 7, inter-CM communication may be used, for example
to manage the sharing and/or the spectrum awarded by the
primary operator, as described herein. For example, if mul-
tiple CMs 1508 are awarded a spectrum resource, inter-CM
communication may be used, for example to determine how
the spectrum resource may be shared between one or more
operators.

Such a spectrum sharing or sub-licensing procedure may
be initiated by a primary operator, for example. The spectrum
sharing or sub-licensing procedure may be initiated by one or
more CMs requesting additional spectrum to the CDIS. For
example, a spectrum sharing or sub-licensing procedure may
be triggered by a spectrum request from a CE. The CE may
quantify an amount of desired bandwidth, for example based
on current QoS needs. The required QoS to bandwidth may be
translated in the CE and/or the CM.

A primary operator may communicate with a CDIS to
indicate that the usage of some spectrum may be sub-li-
censed. The CDIS and/or the LSA controller may check one
or more regulator policies associated with the available spec-
trum, for example to come up with sharing rules that may be
imposed on that spectrum. When a CE requires additional
bandwidth, the CE may send a spectrum request message to
an associated CM, asking for more spectrum. The CM may
check the CDIS for a list of neighbors that may include the
primary operator with a licensed band for leasing. With a list
of CMs (that may include the primary operator), the request-
ing CM may negotiate with the primary operator (and poten-
tially one or more other CMs that may make a request at the
same time) for leasing the band which the primary operator is
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willing to lease. Inter-CM communication may be used to
manage the sharing or the spectrum awarded by the primary
operator, as described herein.

The CDIS may provide contact information for one or
more neighboring networks. An advanced CDIS may provide
channel usage information. The advanced CDIS may facili-
tate leasing of available licensed spectrum. For example, a
primary operator may communicate with a CDIS to indicate
that the primary operator wishes to sell or lease the usage of
some licensed spectrum to one or more licensees. The pri-
mary operator may advertise the available spectrum, a time of
availability, a minimum cost for licensing the available spec-
trum, and/or a location (e.g., geography) where exclusive
access may be allowed, etc. One or more other conditions
may be imposed on leasing the available spectrum, such as a
list of allowable operators, a white list of operators, and/or a
black list of operators, etc. The CDIS may check one or more
regulator policies associated with the available spectrum, for
example in order to determine one or more sharing rules to be
imposed on the available spectrum. The CDIS may update a
TVWS usage information database accordingly, such that a
CM may identify the available spectrum in a given location,
for a certain time period, and/or a cost associated with leasing
the spectrum. One or more advanced CDIS procedures, for
example as described herein, may be applied by an LSA
controller.

FIG. 16 illustrates an example architecture 1600 for LSA
with a smart CDIS. The architecture 1600 may include a
smart CDIS 1602 and a regulator policies and/or spectrum
trading rules database 1604. The smart CDIS 1602 and/or the
database 1604 may be located, for example, in the Internet
110. The architecture 1600 may include an operator node
1606 of a primary operator that may be selling usage of
licensed spectrum. The operator node 1606 may be config-
ured to operate as a CM, for example.

The architecture 1600 may include one or more CMs 1608
and one or more LSA databases 1610. One or more of the
LSA databases 1610 may be configured as coexistence data-
bases. Respective ones of the CMs 1608 and the LSA data-
bases 1610 may be associated with the same or different
carriers (e.g., network operators). As shown, the architecture
1600 may include first, second, and third CMs 1608, and first
and second LSA databases 1610.

An example CM management service process using a
smart CDIS is illustrated using the example architecture
1600. At 1, one or more CMs 1608 may apply to receive LSA
broadcast messages from the smart CDIS 1602 that may be
indicative of the availability of a resource in the licensed
spectrum (e.g., the LSA spectrum). The CMs 1608 may apply
to receive LSA broadcasts, for example, by transmitting a
message to the smart CDIS 1602 that is indicative of a sub-
scription to the broadcasts.

One or more of the CMs 1608 may apply to receive LSA
broadcasts based on one or more criteria and/or preference
parameters that may include, for example, a cost of an avail-
able resource, a frequency band of the available resource,
restrictions imposed on the available resource (e.g., exclusive
usage), a location where the band may be used, or the like.
The smart CDIS 1602 may use such criteria to filter the
broadcasts. The CMs 1608 may receive these filtered broad-
casts from the smart CDIS 1602, for example based on the
criteria.

At 2, the primary operator may communicate with the
smart CDIS 1602, for example via the operator node 1606, to
indicate that the primary operator wishes to sell and/or lease
the usage of an available resource in the licensed spectrum to
one or more licensees. The operator node 1606 may be con-
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figured as a CM, or as a CM with reduced capabilities, for
example. The primary operator may advertise the available
spectrum (e.g., a band), a time of availability, a minimum cost
for licensing the available spectrum, and/or a location (e.g.,
geography) where exclusive access to the available spectrum
may be allowed, etc. One or more other conditions may be
added to advertising of the available spectrum, such as a list of
allowable operators, a white list of operators, and/or black list
of operators, etc.

At 3, the smart CDIS 1602 may check one or more regu-
lator policies associated with the available spectrum, in order
to determine one or more sharing rules that may be imposed
on the available spectrum. For example, the smart CDIS 1602
may retrieve such information from the regulator policies
and/or spectrum trading rules database 1604.

At 4, the availability of licensed spectrum, the sharing
rules, a minimum access, and/or communication information
from the primary operator (e.g., how to contact the primary
operator) may be broadcast to one or more CMs 1608, for
example by the smart CDIS 1602. The broadcast may be
filtered, for example based on criteria and/or preference
parameters supplied by one or more CMs 1608 that may be
subscribers to the broadcasts. The broadcast may include a
filtered list of CMs 1608 that the broadcast is directed to.

At 5, one or more CMs 1608 that received the broadcast
and are interested in the available resource in the licensed
spectrum may start a negotiation procedure to fix, for
example, a final cost, an agreement, and/or sharing condi-
tions. The negotiation procedure may be performed with the
smart CDIS 1602, for example via direct communication
between the one or more CMs 1608 and the smart CDIS. The
one or more CMs 1608 may be interested in the available
resource based on respective spectrum requests from associ-
ated CE networks. The CMs 1608 may determine whether the
available resource is suitable to fulfill the respective spectrum
requests. In determining whether the available resource is
suitable to fulfill a spectrum request, a CM 1608 may evaluate
one or more characteristics of the available resource, for
example a reliability of the available resource, a peak datarate
of the available resource, etc.

The negotiation for access to the available resource may be
token based, for example as described herein. For example, if
the available resource is suitable to fulfill the respective spec-
trum requests received by one or more CMs 1608, the one or
more CMs 1608 may submit bids for the available resource.
One or more smart CDIS procedures, for example as
described herein, may be applied by an LSA controller. For
example, the example smart CDIS procedure 900 illustrated
in FIG. 9, and described herein, may be performed.

At 6, one or more CMs 1608 may add the available spec-
trum to a local operator coexistence database (e.g., a respec-
tive LSA database 1610). The spectrum may be pooled, in the
coexistence database, with the TVWS spectrum or spectrum
from one or more unlicensed bands. A separate database may
be used for this purpose. A CM 1608 may allow the systems
(e.g., CE networks) it is serving to use an aggregated pool of
bandwidth. The aggregated pool of bandwidth may include
unlicensed spectrum and spectrum that may be controlled
under an LSA license implementation.

Such a spectrum sharing or sub-licensing procedure may
be initiated by a primary operator. A spectrum sharing or
sub-licensing procedure may be initiated by a CM that is
requesting additional spectrum to the smart CDIS. For
example, a spectrum sharing or sub-licensing procedure may
be triggered by a spectrum request from a CE. A primary
operator may communicate with a smart CDIS to indicate that
the usage of some spectrum may be licensed. The smart CDIS

10

15

20

25

30

35

40

45

50

55

60

65

36

and/or the LSA controller may check one or more regulator
policies associated with the available spectrum, for example
to come up with sharing rules that may be imposed on that
spectrum. A CE may send a spectrum request message to an
associated CM, asking for more spectrum. The CM may
check the smart CDIS for the available spectrum at a certain
location. The available spectrum may include one or more
available resources (e.g., bands) provided by a primary opera-
tor that has one or more licensed bands available for leasing.

A primary operator may typically be the original band
owner. However coexistence management service, for
example as described herein, may be implemented for opera-
tors other than original band owners. For example, the
licensed spectrum leasing processes described herein may be
applied to band sub-licensing and/or sub-leasing.

A single CDIS may act as an agent for a primary operator,
and may get rewards from the primary operator. Multiple
CDIS instances may compete for an agent role. Competition
amongst CDIS instances vying for the agent role may be
based on a highest selling price for an available band from a
primary operator, may be based on a least agent fee for the
operation, and/or may be based on one or more auction-
related processes.

FIG. 17 illustrates an example architecture 1700 for cloud
spectrum sharing (CSS) with a smart CDIS. The architecture
1700 may include a smart CDIS 1702, an available spectrum
database (CSS database) 1704, and a regulator policies and/or
spectrum trading rules database 1706. The smart CDIS 1702,
the CSS database 1704, and/or the database 1706 may be
located, for example, in the Internet 110. The architecture
1700 may include a first operator node 1708 associated with
a first primary operator that may be selling usage of licensed
spectrum and a second operator node 1710 associated with a
second primary operator that may be selling usage of licensed
spectrum.

The architecture 1700 may include one or more CMs 1712
and one or more LSA databases 1714. One or more of the
LSA databases 1714 may be configured as coexistence data-
bases. Respective ones of the CMs 1712 and the LSA data-
bases 1714 may be associated with the same or different
carriers (e.g., network operators). As shown, the architecture
1700 may include first, second, and third CMs 1712, and first
and second LSA databases 1714.

An example CM management service process, using a
smart CDIS, for CSS is illustrated using the example archi-
tecture 1700. One or more CMs 1712 may apply to receive
LSA broadcast messages from the smart CDIS 1702 that may
be indicative of the availability of a resource in the licensed
spectrum (e.g., the LSA spectrum). The CMs 1712 may apply
to receive LSA broadcasts, for example, by transmitting a
message to the smart CDIS 1702 that is indicative of a sub-
scription to the broadcasts.

One or more of the CMs 1712 may apply to receive LSA
broadcasts based on one or more criteria and/or preference
parameters that may include, for example, a cost of an avail-
able resource, a frequency band of the available resource,
restrictions imposed on the available resource (e.g., exclusive
usage), a location where the band may be used, or the like.
The smart CDIS 1702 may use such criteria to filter the
broadcasts. The CMs 1712 may receive these filtered broad-
casts from the smart CDIS 1702, for example based on the
criteria.

At 1, the first and/or second primary operators may com-
municate with the smart CDIS 1702, for example via the first
and second operator nodes 1708, 1710, respectively, to indi-
cate that one or both of the first and second primary operators
wish to sell and/or lease the usage of one or more available
resources in the licensed spectrum to one or more licensees.
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The first and second operator nodes 1708, 1710, respectively,
may be configured as CMs, or as CMs with reduced capabili-
ties, for example. The first and/or second primary operators
may advertise available spectrum (e.g., one or more bands), a
time of availability, a minimum cost for licensing the avail-
able spectrum, and/or a location (e.g., geography) where
exclusive access to the available spectrum may be allowed,
etc. One or more other conditions may be added to advertising
of the available spectrum, such as a list of allowable opera-
tors, a white list of operators, and/or black list of operators,
etc.

In the example CSS spectrum 1700, spectrum requests
and/or instances of new available spectrum from the first
and/or second primary operators may be more dynamic, for
example in comparison to the example LSA architectures
1500 and 1600, and may be handled more dynamically thanin
the case of LSA. For example, new spectrum may become
available to the smart CDIS 1702 on a short timeframe, and
the smart CDIS 1702 may act as a broker of the spectrum. The
smart CDIS 1702 may maintain information on which CMs
1712 have made requests for bandwidth that may match the
frequency band, cost, etc. of newly available frequencies.

At 2b, the smart CDIS 1702 may maintain a database, for
example the CSS database 1704, that may store the available
spectrum and/or information about the spectrum, such as
applicable sharing rules, a location of availability, a cost,
and/or a primary operator to be paid, etc. The smart CDIS
1702 may pool available bandwidth from different operators,
for example the first and second operators, and may deter-
mine which operator CMs 1712 should pay which primary
operator how much, for example based on the spectrum that
was allocated to each CM 1712. The smart CDIS 1702 be
configured to determine spectrum availability for a given
time, location, and/or bandwidth, for example, based on
information in such a database.

At 2a, the smart CDIS 1702 may check one or more regu-
lator policies associated with the available spectrum, in order
to determine one or more sharing rules that may be imposed
on the available spectrum. For example, the smart CDIS 1702
may retrieve such information from the regulator policies
and/or spectrum trading rules database 1706.

At 3, one or more CMs 1712 may be informed of corre-
sponding changes of allocated bandwidth by the smart CDIS
1702. The CMs 1712 may propagate allocated bandwidth
changes down to the respective CE level. The negotiation
and/or messaging described herein may apply to sharing of
the allocated bandwidth by the CMs, for example in inter-CM
communication, and/or in communication with the smart
CDIS 1702.

The availability of licensed spectrum, the sharing rules, a
minimum access, and/or communication information from
the primary operator (e.g., how to contact a respective one of
the first or second primary operators) may be broadcast to one
or more CMs 1712, for example by the smart CDIS 1702. The
broadcast may be filtered, for example based on criteria and/
or preference parameters supplied by one or more CMs 1712
that may be subscribers to the broadcasts. The broadcast may
include a filtered list of CMs 1712 that the broadcast is
directed to.

At 4, one or more CMs 1712 that received the broadcast
and are interested in the available resource in the available
licensed spectrum may start a negotiation procedure with one
or more of the first and second primary operators to fix, for
example, a final cost, an agreement, and/or sharing condi-
tions. The one or more CMs 1712 may be interested in the
available resource based on respective spectrum requests
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from associated CE networks. The CMs 1712 may determine
whether the available resource is suitable to fulfill the respec-
tive spectrum requests. In determining whether the available
resource is suitable to fulfill a spectrum request, a CM 1712
may evaluate one or more characteristics of the available
resource, for example a reliability of the available resource, a
peak data rate of the available resource, etc.

The negotiation for access to the available resource may be
token based, for example as described herein. For example, if
the available resource is suitable to fulfill the respective spec-
trum requests received by one or more CMs 1712, the one or
more CMs 1712 may submit bids for the available resource.
One or more smart CDIS procedures, for example as
described herein, may be applied by an LSA controller. For
example, the example smart CDIS procedure 900 illustrated
in FIG. 9, and described herein, may be performed.

At 5, one or more CMs 1712 may add the available spec-
trum to a local operator coexistence database (e.g., a respec-
tive LSA database 1714). The spectrum may be pooled, in the
coexistence database, with the TVWS spectrum or spectrum
from one or more unlicensed bands. A separate database may
be used for this purpose. A CM 1712 may allow the systems
(e.g., CE networks) it is serving to use an aggregated pool of
bandwidth. The aggregated pool of bandwidth may include
unlicensed spectrum and spectrum that may be controlled
under an LSA license implementation. At 6, inter-CM com-
munication may be used, for example to manage the sharing
and/or the spectrum awarded by one or both of the first and
second primary operators, as described herein.

Although features and elements are described above in
particular combinations, one of ordinary skill in the art will
appreciate that each feature or element can be used alone or in
any combination with the other program, software, or firm-
ware incorporated in a computer-readable medium for execu-
tion by a computer or processor. Examples of computer-
readable media include electronic signals (transmitted over
wired or wireless connections) and computer-readable stor-
age media. Examples of computer-readable storage media
include, but are not limited to, a read only memory (ROM), a
random access memory (RAM), a register, cache memory,
semiconductor memory devices, magnetic media such as
internal hard disks and removable disks, magneto-optical
media, and optical media such as CD-ROM disks, and digital
versatile disks (DVDs). A processor in association with soft-
ware may be used to implement a radio frequency transceiver
for use in a WTRU, UE, terminal, base station, RNC, or any
host computer.

What is claimed:

1. A method of allocating licensed spectrum, the method
comprising:

receiving a broadcast that is indicative of an available

resource in the licensed spectrum;

receiving a request for access to the licensed spectrum;

determining whether the available resource is suitable to

fulfill the request; and
if the available resource is suitable to fulfill the request, sub-
mitting a bid for the available resource.

2. The method of claim 1, further comprising adding infor-
mation associated with the available resource to a coexistence
database.

3. The method of claim 2, wherein the available resource in
the licensed spectrum is combined, in the coexistence data-
base, with a second resource in an unlicensed spectrum, to
create a pool of available resources.

4. The method of claim 1, wherein determining whether the
available resource is suitable to fulfill the request includes
evaluating at least one of a reliability of the available
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resource, a time availability of the available resource, or a
peak data rate that can be achieved on the available resource.

5. The method of claim 1, wherein submitting a bid for the
available resource includes sending an indication of a number
of'tokens to a network device that is competing for access to
the available resource.

6. The method of claim 1, wherein submitting a bid for the
available resource includes sending an indication of a number
of'tokens to a network device that is responsible for granting
access to the available resource.

7. The method of claim 1, further comprising, upon receiv-
ing an indication that the bid was successful, assigning the
resource to an originator of the request.

8. The method of claim 1, further comprising, upon expi-
ration a pre-determined delay period, assigning the resource
to an originator of the request.

9. The method of claim 1, further comprising transmitting
a message that is indicative of a subscription to the broadcast.

10. The method of claim 9, wherein the message includes
a criterion associated with a desired characteristic of the
available resource.

11. A network device configured to:

receive a broadcast that is indicative of the availability of a

resource in a licensed spectrum;

receive a request for access to the licensed spectrum;

determine whether the available resource is suitable to

fulfill the request; and

if the available resource is suitable to fulfill the request,

submit a bid for the available resource.

12. The network device of claim 11, further configured to
add information associated with the available resource to a
coexistence database.
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13. The network device of claim 12, wherein the available
resource in the licensed spectrum is combined, in the coex-
istence database, with a second resource in an unlicensed
spectrum, to create a pool of available resources.

14. The network device of claim 11, wherein the network
device determines whether the available resource is suitable
to fulfill the request by evaluating at least one of a reliability
of the available resource, a time availability of the available
resource, or a peak data rate that can be achieved on the
available resource.

15. The network device of claim 11, wherein the network
device submits a bid for the available resource by sending an
indication of a number of tokens to a second network device
that is competing for access to the available resource.

16. The network device of claim 11, wherein the network
device submits a bid for the available resource by sending an
indication of a number of tokens to a controller that is respon-
sible for granting access to the available resource.

17. The network device of claim 11, further configured to,
upon receiving an indication that the bid was successful,
assign the resource to an originator of the request.

18. The network device of claim 11, further configured to,
upon expiration a pre-determined delay period, assign the
resource to an originator of the request.

19. The network device of claim 11, further configured to
transmit a message that is indicative of a subscription to the
broadcast.

20. The network device of claim 19, wherein the message
includes a criterion associated with a desired characteristic of
the available resource.
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